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GENERAL 


INFORMATION 


MISSION STATEMENT 


Allegro MicroSystems, Inc. is 
dedicated to providing value-added 
solutions to meet our customers’ 
complex electronic systems needs 
through the design of mixed-signal 
integrated circuits that improve the 
performance, quality, and reliability 
of their end product. The measure- 
ments of our success will be 
customer satisfaction, market 
leadership, and profitability that 
meets the needs and expectations 


ALLEGRO MICROSYSTEMS, INC. 


Ailegro MicroSystems, Inc. specializes in the design, manufacture, 
and marketing of advanced mixed-signal (analog + digital) integrated 
circuits as well as a line of discrete transistors and diodes. Allegro, 
formerly the Sprague Semiconductor Group of Sprague Electric Co., 
combines over 25 years of semiconductor experience, over a decade of 
extensive merged-technologies experience, and worldwide resources in 
design and applications engineering, process technology, packaging, 
quality control, manufacturing. and testing. 


As a “mature start-up” re-named in July 1990, Allegro is well 
positioned to accelerate its growth as a leading supplier of mixed-signal 
solutions as it emphasizes system-level ICs for original equipment 
manufacturers primarily serving the computer peripherals, automotive, 
consumer, and industrial markets. Allegro’s strengths center on an 
excellent track record in product quality and innovation, and a diversi- 
fied base of major OEM customers. The company’s reputation for 
quality spans both product design and manufacturing. This reputation is 
evident in the preferred vendor’ship-to-stock programs it has secured 
with several major customers. Allegro, also recognized as “Vendor of 
the Year” by Northern Telecom, is one of the few semiconductor firms 
to receive Ford Motor Company's Q-1 quality award, and is the only US 
IC manufacturer to have received IECQ manufacturer's approval. 


Headquartered in Worcester. Massachusetts, Allegro currently 
operates two wafer-fabrication plants in Worcester and Willow Grove, 
Pennsyivania, as well as assembly’test operations in the Philippines. 
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GENERAL INFORMATION 
ALLEGRO MICROSYSTEMS, INC. 


Recently, Allegro has shifted from being 
product- er engineering-driven to being a 
market-driven company. This move has 
sharpened the company s focus on applica- 
tion-specific standard products and applica- 
tion-specific custom products for selected 
growth market segments. Allegro’s product 
expertise in power ICs. signal processing iCs, 
and sensor |Cs—believed to be unique in the 
industry---is supported by strong capabilities 
in bipolar, CMOS. and DMOS process 
technologies. Allegro can and does combine 
any two or ail three of its product disciplines 
(andor process technologies) in a single 
monolithic chip to deliver powerful system- 
evel solutions. While the company is vigor 
ously establishing itself as a significant 
supplier of mixed-signal ICs, it will continue te 
serve aS a supplier of power and smart powe! 


Within the worldwide semiconductor 
market. Allegro has strategically positioned 
itself in the analog segment. Allegro primarily 
serves the analog IC industry through the 
development. manufacture. and marketing 
of a wide variety of compiex products. The 
company emphasizes application-specific. 
market-driven products with high technology 
content. These include bipolar. CMOS. and 
DMOS technologies, as well as merged 
technoiogies such as BICMOS (bipolar + 
CMOS), BCD (bipolar + CMOS + DMOS)},. 
and DABIC (digital + analog + BiCMOS). 


Cs. Hall-effect sensors. and discrete devices. 


Original designs are emphasized. rather than second source products, 
in order to command a higher value in the marketplace. Many of these 
original designs have uitimately become industry standard products, 

such as the company’s popular Hall-effect switches and power drivers. 


Increased performance, market-specific features, higher levels of 
integration, and overall system cost reduction have become increas- 
ingly critical to maintain and extend a competitive advantage. Because 
of the strength of this fundamental trend among leading manufacturers, 
a significant segment of the analog IC market is changing from a 
“commodity-oriented/iow-value-added” business to one that is “high- 
complexity/high value-added”. 


OEMs expect vendors to add tangible value at a system level 
because they need to maximize performance and speed time to market. 
Applications, design. and technology consultation provided by iC 
suppliers, therefore, become crucial, as does the working synergy 
between the two design partners. OEMs also need to feel confident in 
their IC supplier's ability to contro! the manufacturing and testing 
processes, thereby ensuring quality. reliability. and consistent delivery. 


Ailegro’s top 25 customers account for approximately 50 percent of 
sales, with no single customer accounting for more than 10 percent. 


Allegro is exceptionally positioned to serve each customer's system 
requirements with either application-specific custom products or a 
broad spectrum of application-specific standard products, including 
power, smart power. sensor. discrete, and signa'-processing products. 


Analog ICs can generaliy be separated into inree classifications: 
sensor. signal processing. and power !Cs. Sensors are analoa ICs 
which respond to physical phenomena and provid inputs to an elec- 
tronic system. Signal processing ICs represent 4 broad category of 
analog ICs which accept. generate. or proces og signal. Power 
iCs are those products which act as the interf m an electronic 
system back to the physical worid. These products typically operate at 
voltages and currents well in excess of those applied to other parts of 
the electronic system due to their requirement to cir've motors, displays. 
solenoids, relays. lamps. and other devices 


Allegro is also the world leader in power and Hali-effect sensor 
package technology by employing innovative op:imization approaches 
to significantly imcrove established packages. Even trough Aliegro’s 
device packaging conforms to industry stanoards. the company has 
developed improvements to packaging materiais and construction so 
that its devices substantially exceed the industry-standard specifica- 
tions for allowable package power dissipation and lonc-term reliability. 
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GENERAL 


INFORMATION 


DEFINITION OF TERMS 


ABSOLUTE MAXIMUM RATINGS are limiting values of operation and 
should not be exceeded under the worst conditions. These values are 
chosen to provide acceptable serviceability of the device. The equip- 
ment manufacturer should design so that initially, and throughout life, 
no absolute maximum value is exceeded. 


The absolute maximum output current ratings are the maximum 
allowable under any condition. In application, output current will be 
limited by number of outputs conducting, duty cycle and timing, 
ambient temperature, heat sinking and/or forced cooling, and other 
heat sources. 


Under any set of conditions, the specified maximum junction 
temperature (usually +150°C) should not be exceeded. In those 
devices which include an internal thermal shutdown, fault conditions 
which produce excessive junction temperature will activate device 
thermal shutdown circuitry. These conditions can be tolerated, but 
should be avoided. 


TYPICAL CHARACTERISTICS are given for circuit design information 
only and, unless otherwise stated, are usually given at the nominal 
operating voltage and an ambient temperature of +25°C. Although 
these values are indicative of the peak distribution for a large number 
of production lots, these values should not be construed as guaranteed 
for any particular device or production lot. 


CHARACTERISTICS LIMITS are those values that are guaranteed 
under the test conditions shown. 


The absolute magnitude convention is used for Electrical 
Characteristics Limits where the limits are defined as: 


maximum {minimum] limit: the greater [smaller] magnitude limit of 

a range of like-signed values; if the range includes both positive and 
negative values, both limiting values are maximums [the minimum 
is implicitly zero}. 


The algebraic convention is used for Magnetic Characteristics 
Limits where negative flux densities are defined as less than zero. 
The minimum value is therefore the most negative value, the maximum 
value is the most positive value, and zero has no special significance. 


RECOMMENDED OPERATING CONDITIONS are given for optimum 
device performance. Operation outside these conditions is permitted 
(within the Absolute Maximum Ratings) without any implied guarantee 
of level of performance. 


It is recommended that equipment manufacturers consult their local 
sales office whenever device applications involve unusual electrical, 
mechanical, or environmental operating conditions. 


DEFINITION OF TERMS 


1-4 


SPECIAL SYMBOLS are sometimes used to simplify circuit drawings. 


Ppp t 


Current- Current- Half- Tri- 
Sourcing Sinking Bridge State Darlington 
Amplifier Amplifier Amplifier Amplifier Transistor 


Dwg. OA-001 


ADVANCE INFORMATION is used to advise customers of proposed 
additions to the product tine. The specifications given are target or 
goal specifications and may, therefore, change without notice. Allegro 
MicroSystems, Inc. reserves the right to not manufacture these pro- 
posed devices which have been announced as “advance information”. 
Contact your local sales office for details of current status and latest 
specifications. 


PRELIMINARY INFORMATION is issued to advise customers of 
additions to the product line which, nevertheless, still have “pre-produc- 
tion” status. Details may, therefore, change without notice although it is 
expected that the performance data is representative of “full production” 
status. Contact your local sales office for details of current status and 
latest specifications. 


IMPORTANT NOTICE 


Allegro MicroSystems, Inc., reserves the right to make, from 
time to time, such departures from the detail specifications as may 
be required to permit improvements in the performance, reliability, or 
manufacturability of its products. Changes and improvements made 
after the publication of this catalog will be reflected in updated data 
sheets or other literature as soon as possible. Components made under 
military approvals will be in accordance with the approval requirements. 


The information included herein is believed to be accurate and 
reliable. However, Allegro MicroSystems, Inc. assumes no responsibil- 
ity for its use; nor for any infringement of patents or other rights of third 
parties which may result from its use. 


Allegro MicroSystems, Inc. reserves the right to discontinue any 
device without notice. 


Before placing an order, Allegro advises its customers to obtain the 
latest version of the relevant information to verify that the information 
being relied upon is current. 


Allegro products are not intended for use in life support appliances, 
devices, or systems. Use of an Allegro product in such applications 
without the written consent of Allegro MicroSystems, Inc. is prohibited. 


DEVICE 


PART-NUMBERING 


ALLEGRO MICROSYSTEMS NEW PART NUMBERS 
A 8958 S EA F-1 


EL taainictions (optional; in the order listed). 
F = Active pull-down device (BIMOS only) 
-1 = (Any number except 883) Selected version. see detail specification 
BU = Burned-in parts to Double-Deuce program* 
MIL = Military grade, non-compliant, with screening to MIL-STD-883, Class B* 
883 = Military grade, compliant with screening to MIL-STD-883, Class B* 
BS = Compliant, with screening to BS9493" 
TR = Tape and reel (surface-mount devices only) 


Package Designation. 
A = Plastic, dual in-line 
B = Plastic, dual in-line semi-tab 
C = Unpackaged chip t 
CT = Unpackaged chip, tray-packed t 
CW = Probed wafer t 
EA = Plastic, leaded chip carrier, one semi-tab 
EB = Plastic, leaded chip carrier, two semi-tabs 
EK = Hermetic, leadless chip carrier 
EP = Plastic, leaded chip carrier 
H = Hermetic, metal-sealed co-fired ceramic dual in-line 
HH = Hermetic, ceramic, 3-lead single in-line (TO-260AA) 
K = Plastic, 4-lead mini-SIP 
KA = Plastic, 5-lead mini-SIP 
L = Plastic, SOIC 
LB = Plastic, wide-body SOIC power tab 
LL = Plastic, SOT-89, long-lead version 
LT = Plastic SOT-89/TO-243AA 
LW = Plastic, wide-body SOIC 
M = Plastic, 8-pin mini-DIP 
R = Hermetic. glass-sealed ceramic dual in-line 
T = Plastic. 3-lead mini-SIP 
U = Plastic, 3-lead thin mini-SIP 
UA = Plastic, short 3-lead thin mini-SIP 
V = Hermetic. 15-pin metal flange mount (MO-097AA) 
W = Plastic, 12-lead single in-line power tab 
X = Special 
Z = Plastic, 5-lead single in-line power tab (TO-220) 
ZH = Z Package with formed leads for horizontal mount 
ZV = Z Package with formed leads for vertical mount 


Operating Temperature Range. 
C = Commercial (0°C to +70°C) 
S = Standard (-20°C to +85°C) 
E = Extended automotive/industrial (-40°C to +85°C) 
K = Industrial/military (-40°C to +125°C) 
L = Automotive’military (-40°C to +150°C) 
M = Military (-55°C to +125°C) 
X = Special (i.e., wafer probe at +25°C only) 


Device Type (four digits). 
Allegro MicroSystems Identifier. 


* Instruction suffix ‘BU’ available only with temperature codes ‘S’, ‘E’. ‘K. or ‘L’: suffixes ‘MIL’ or ‘883° 
available only with temperature code ‘M’: suffix ‘BS’ available only through European sales office. 


+ Discrete and integrated circuit chips are described in Brochure CN-193. 
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DEVICE PART-NUMBERING 


ORIGINAL SPRAGUE SEMICONDUCTOR GROUP PART NUMBERS 


UC N 5810 A_ F-1 


‘Eanstucions (optional; in the order listed). 
F = Active pull-down device (BIMOS only) 
-1 = (Any number except 883) Selected version, see detail specifications 
BU = Burned-In device to Double-Deuce program* 
MIL = Military grade, non-compliant. with screening to MIL-STD-883, Class B* 
883 = Military grade, compliant, with screening to MIL-STD-883, Class B* 
BS = Compliant, with screening to BS9493* 


Package Designation. 
A = Plastic, dual in-line 
B = Plastic, dual in-line semi-tab 
C = Unpackaged chip t 
CT = Unpackaged chip, tray-packed t 
CW = Probed wafer + 
EA = Plastic, leaded chip carrier, one semi-tab 
EB = Plastic, leaded chip carrier, two semi-tabs 
EK = Hermetic, leadless chip carrier 
EP = Plastic, leaded chip carrier 
H = Hermetic, metal-sealed co-fired ceramic dual in-line 
HH = Hermetic, ceramic, 3-lead single in-line (TO-260AA) 
K = Plastic, 4-lead mini-SIP 
KA = Plastic, 5-lead mini-SIP 
L = Plastic, SOIC 
LB = Plastic, wide-body SOIC power tab 
LL = Plastic, SOT-89, long-lead version 
LT = Plastic SOT-89/TO-243AA 
LW = Plastic, wide-body SOIC 
M = Plastic, 8-pin mini-DIP 
R = Hermetic, glass-sealed ceramic dual in-line 
T = Plastic, 3-lead mini-SIP 
U = Plastic, 3-lead thin mini-SIP 
UA = Plastic, short 3-lead thin mini-SIP 
V = Hermetic, 15-pin metal flange mount (MO-097AA) 
W = Plastic. 12-lead single in-line power tab 
X : 


Z = Plastic. 5-lead single in-line power tab (TO-220) 
ZH = Z Package with formed leads for horizontal mount 
ZV = Z Package with formed leads for vertical mount 


Device Type (four digits). 


Operating Temperature Range. 
N = Commercial/industrial 
Q = Extended automotive/industrial 
S = Military 
= Family (UC, UD, UG, UL, or UM). 
* Instruction suffix ‘BU’ available only with temperature codes ‘N' or 'Q’: suffixes ‘MIL’ or '883' available only with temperature code 'S’: 
suffix ‘BS’ available only through European sales office. 


+ Discrete and integrated circuit chips are described in Brochure CN-193. 


DEVICE PART-NUMBERING 


ORIGINAL SPRAGUE SEMICONDUCTOR GROUP PART NUMBERS 


TIC 6118 -2 FM 


TE Senpping style (TIC prefix only). 
FM = Wafer sawn on frame 
TS = Tray pack 
WA = Whole wafer 


Instructions (optional). 
Device Type (three or four digits). 


Family. 
BA- = Pro-Electron registered diode 
BC- = Pro-Electron registered diode 
BZ- = Pro-Electron registered Zener diode 
TH-* = Unpackaged discrete device chip t 
TIC = Integrated circuit chip or probed wafer t 
TMP-* = SOT-23/TO-236AB packaged discrete device 
TND = Diode array 
TP = Bipolar transistor in TO-92/TO-226AA/AB 
TPP = Darlington array 
TPQ = Quad transistor array 
2N = JEDEC registered transistor 


*D = diode T = transistor +Discrete and integrated circuit chips are described in Brochure CN-193. 
F = JFET Z = Zener 


MILITARY PART NUMBERS 


85500 01 c Cc 
5962-86058 01 M V C 
Eas Lead Finish. 
A = Solder dip 
C = Gold plate 


X = Any (Aor C acceptable by user) 


Package Designation. 
C = Hermetic, metal-seaied co-fired ceramic 14-pin dual in-line 
E = Hermetic, metal-sealed co-fired ceramic 16-pin dual in-line 
V = Hermetic, metal-sealed co-fired ceramic 18-pin dual in-line 
2 = Hermetic, metal-sealed co-fired ceramic 20-terminal chip carrier 


Device Class. 
M = Monolithic integrated circuit (optional for drawing numbers below 90000) 


Device Type. 


Drawing Number. 
(first two digits are year of issuance except that ‘38’ indicates MIL-M-38510 
device with remaining digits indicating the slash sheet). 


Standardized Military Drawing Program Designator 
(Drawing numbers higher than 86000; not used for DESC drawing numbers below 86000). 


Ali possible combinations of device type, operating temperature range, and package style are not 


necessarily available. Consult individual device specification or sales office for complete information. 
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GENERAL 


INFORMATION 


ORDERING INFORMATION 


To place an order, obtain price and delivery information, or to 
request technical literature, contact your local Allegro sales office or 
sales representative. See back of book, or: 


From United States Allegro MicroSystems, Inc. 
and Canada 115 Northeast Cutoff 
Box 15036 


Worcester, MA 01615 
Tel: (508) 853-5000 
Fax: (508) 853-5049 


From Europe Allegro Europe Ltd. 

and Mideast Balfour House, Churchfield Road 
Walton-on-Thames, Surrey KT12 2TD 
UNITED KINGDOM 
Tel: (44-932) 253-355 
Fax: (44-932) 246-622 


From Asia Allegro MicroSystems Philippines, Inc. 
Sampaguita Street, Marimar Village 
Parangue, Metro Manila 1700 
PHILIPPINES 
Tel: (63-2) 828-9026 
Fax: (63-2) 828-4045 


TECHNICAL ASSISTANCE 


Requests for additional technical information or applications 
assistance should be referred to your local Allegro sales office or sales 
representative. See back of book, or: 


For Integrated Circuits Allegro MicroSystems, Inc. 
115 Northeast Cutoff 
Box 15036 
Worcester, MA 01615 
Tel: (508) 853-5000 
Fax: (508) 853-5049 


For Sensors Allegro MicroSystems, Inc. 
and Discrete Devices 53 Regional Drive 
Concord, NH 03301 
Tel: (603) 228-5533 
Fax: (603) 224-2466 


INTEGRATED CIRCUITS 


ann TRANSISTOR ARRAYS 


PRODUCT INDEX 
IN NUMERICAL ORDER* 


See Section 7 for Index to Discrete Devices 


Part Number * Description 

05 thru 56 Qlhad Transistor Arrays cnc. scis:.s0esvsdsavessgnseagda Hviatadeaunaceess Wea ialadcevtes ben getdesania und aaweerte 

903 thru 942 Multiple: Diode Arrays... .se..c5.csvns-ay ea ceaeeewel edancanSntansedy cept ant consenting hagieien Satya 

2001 thru 2025 Extended Temperature, Hermetic, 7-Channet, High-Current Darlington Arrays 

2061 thru 2074 SAS Darlington: SWiChess oisce. csctien cx castes blac ceassredea Tans te cacaQbuitaige anageuse cesses 

2064 thru 2077 Extended Temperature, Hermetic, Quad 1.5 A Darlington Switches ....00 ee 

2222 Quad' NPN Transistor Array: ciccses. otecaeasanaitse det enitededea sects cdeautcaesvied cathsetaneaage care 

2369 Quad NPN Transistor Array .. re 

2429 Fluid: Detector si. cccteatiii he cesncestes dnccueec aes ia eteadiatac scene caysvasdeedusceces ile landig dendeeeandaduneau tees 

2436 and 2437 Dual-Mode (10 min/5 min) Countdown Timers ..........cccccceecceeeeceeeeseeeetteeteeeneeeesentteneea 

2453 thru 2455 Automotive Lamp Monitors/Comparators 

2460 Electrome Spark Fiuming -e.2c.%, an sisi4s vas aed ianta ded eciscae dis neath ha eateeee Bh td Haale athe 

2540 Quad .8:A Darlington: Power Diiv@r ci.:4 nua oe ee amen du eae 

2543 Quad Protected Darlington Power Driver ..0......00...cc ccc cee rn eee tnee tec cneeteteeneeennntes 

2545 Quad:2-5: A: Driven necnch eu ho ardent Soca bee eecedive ele See 2540/43/44/47/49 

2544 Quad 1:8 A Darlington Power Driver seis ccciseseevsenetgesesagacseecaeccecdaysauaaeseeeabdecdousnens 3-18 

2547 Quad Protected Darlington Power Driver oo... cece cece teeeeeceeuteeeeteeenteetereeses 3-21 

2549 Quad Protected Darlington Power Driver... ccccccccececcc cee cne cee eeereeeseseisecceeetenensas 3-25 

2580 8-Channel, High-Current Source Driver oo... cere eeneeeeee ets eteseeenececneetneeesas 3-29 

2585 8-Channel, Saturated Source Driver .........cccccecccc cece cece ceseeneeeceeeeentetniecetetenseeeentecees 3-29 

2588 8-Channel, High-Current Source Driver ooo... eee ccceeeceeeeteenneecteeeseetesecsrecessesnieeiags 3-29 

2595 8-Channel, Saturated Sink Driver ..... 

2596 and 2597 8-Channel, Saturated Sink Drivers 

2801 thru 2825 Extended Temperature, Hermetic, 8-Channel, Darlington ArrayS............c0ccceeee 5-24 

2878 and 2879 Quad 4 A Darlington Switches «0.0.0.0... : vee B41 

2907 Quad PNP Transistor-Artay «5.020.405. 23: e0ssscccerdeeneveinecagel sciveecleseadssedeteshaseedbecastesdens Gat eeees 7-38 

2916 : Dual Full-Bridge PWM Motor Driver... cc cccceececeeenertceesneesreteneeeraretneenneenetetneees 3-46 

2917 Dual Full-Bridge PWM Motor Drivel... cece err reneereeeetreteieerecnieenecerentaseies 3-51 

2935 2 A Half-Bridge Motor Driver 0.00.0. cece ee eee cne sce eeerceeecetensecserecenneesesnerseectarnes 3-56 

2936 3-Phase +2 A Brushless DC Motor Drivers ....0....ccccceeccceceeeeersecesceeersevneseenteaeenseins 3-61 
Description and Application 0.20... cc cece ree cteeeereenenerseeeeasetscasesecaesasenseesentens 3-315 

2936 Extended Temp., Herm., 3-Phase +2 A Brushless DC Motor Controller/Driver........... 5-37 

2944 Quad 4 A High-Voltage Source Driver oo... ccc cece reece ceeteeenseeceeccseseneeenasraes 3-69 

2950 2:-A:HalftBridge Motor Driv@li.ic:ceessiscasc nis cute tive blared a tetadnentieetdes 3-56 


* Complete part number includes additional characters to indicate operating temperature range and package style. 
See detailed specification. 


ICs AND TRANSISTOR ARRAYS 
PRODUCT INDEX IN NUMERICAL ORDER 


Part Number * Description Page 
2952 2 A Full-Bridge Motor Driver oo... cc ccccceesecseeesetessescteertenerterereteneses See 2953/54 
2953 and 2954 2 A Full-Bridge PWM Motor Drivers .......ccccccccceeccecccesceetcnsceesececeeeteerstettasetestenseeeses 3-73 
2953 Extended Temperature, Hermetic, 2 A Full-Bridge PWM Motor Driver ........0.c.cceee 5-43 
2955-2 6 A Half-Bridge Power Driver ......0...000cccceccccccsseccensseeeeseeeeevesceceieceventesvevnvsegersieevevineeess 3-78 
2957 Negative-Supply, 5-Channel Source Driver ......cccccccceccecccecccsscescessensteseveveesereverenes 3-81 
2961 3.4 A PWM Printhead/Motor Driver oo... cccccccceecteecetcseecseseeceessasceesavsresseneeernns 
2962 Dua! 3 A PWM Solenoid/Motor Driver 

2966 Dual +4.8 A PWM Solenoid Driver ... 

2981 thru 2984 8-Channel, Source Drivers oo... cece ce cescecsessesseecseessueesscceseenasecuecensavsattgureesivevereeenss 

2981 thru 2984 Extended Temperature, Hermetic, 8-Channel Source Drivers ....00..00..0cccceececeeeeeeee 5-48 
2985 8-Channel, Saturated Source Driver oo... 


2987 8-Channel, Short-Circuit Protected Source Driver 


2993 Dual Full-Bridge Motor Driver... ccc cece ete eeeetteetseessstesceetseceesenseesnrereties 

2998 Dual 2 A Full-Bridge Motor Driver es 

2998 Extended Temperature, Hermetic, Dual 1.8 A Full-Bridge Motor Driver... 5-54 
3013 Low-Cost Hall Effect Digital SWitCh 0.00... ccc cece cceesseeeeseteetcnstssteseeaversensesnees See 3113 
3019 Low-Cost Hall Effect Digital Switch 0000.00... ccc cececeeeeeeeeverteseessenseesserseveesnes See 3119 
3020 Low-Cost Hall Effect Digital SWitCh 2.00.0 cence ccneeesereteseveeveseetveresiten See 3120 
3030 Bipolar Hall Effect Digital Switch ooo. cece cee cee ceteteee scence unsevtaseevitegnrenaees See 3130 
3035 Biased Hall Effect Digital Latch Assembly 000.000.0000 oocccccccccecescetscecceverecteetes See 3135 
3040 Ultra-Sensitive Hall Effect Digital SWitCh oo... coc ceccceccesenseeseversessecrepseeenees See 3140 
3055 Multiplexed Two-Wire Hall Effect Sensor IC ooo. cccccccecsccstescecssvesesseeeessesteessenrs 4-1 
3059 Hall Effect Gear-Tooth Sensor, AC Coupled o.oo... cccccceccceccccescececceevesenatecteeneeteeess 4-8 
3075 Bipolar Hall Effect Digital Latch oo... ccc ec cccerecscessvescessenreveseniuverersesanssaess See 3175 
3077 Bipolar Hall Effect Digital Latch .... See 3177 
3113 thru 3130 Hall Effect SwitGhos i... cesses cceseescvceessensedsucsussstvabssssuavasetecdeosivurenseateineitn sduace eenssertivtey 4-12 
3113 thru 3130 Extended Temperature, Hermetic Hall Effect Switches .....000 cc cccccccseeecccecsecentseneees 5-58 
3131 Ultra-Sensitive Bipolar Hall Effect Switch ...... 

3132 and 3133 Ultra-Sensitive Bipolar Hall Effect Switches 

3140 HalisE tect: S Wits scence itacdays adus ceased bey caidavaedaechtvnaadeaneiness iat ov there ua Smadar ers 
3175 and 3177 Hall Effect Digital Latches oo... ccc ccccesceeesecsseseeseeeeeens 

3235 Dual Output Hall Effect Digital Switch 

3275 Complementary Output Hall Effect Latch o.oo cc cceeceserseeesvnresennersenenes 

3311 and 3312 Linear Output Optoelectronic SENSOTS ooo... cece cccssscecseseccneeseverseeceerestutesssersttevertanes 
3330, 3360, 3363 Optoelectronic SWItCheS 0.0... eeccececeeeccececseeccssevecseusevsusseecsausesereeececettveaseseenseunerses 
3390 Optoelectronic Switch - Twilight SENSOF oo. cece ceecesccesececssensvestenresseereeesetenes 


* Complete part number includes additional characters to indicate operating temperature range and package style. 
See detailed specification. 
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ICs AND TRANSISTOR ARRAYS 
PRODUCT INDEX IN NUMERICAL ORDER 


Part Number * 


Description Page 


3501 Linear Output Hall-Effect S@NSOP ........ cc ccc cece eee ceeseereeerecnet tienes enecueeenrenteentereentena 4-41 
3503 Ratiometric, Linear Hall Effect S@NSOF o.oo eee eee te teereetrtteecneentateneees 4-45 
3611 thru 3614 Extended Temperature, Hermetic, Dual Peripheral/Power Drivers.......0..0cccccceeees 5-62 


3751 Power Operational Amplifier 

Application Note .......0......ceeee 
3755 Dual Power Operationai Amplifier 

AppliGatiOn Note sc crssetesesbecaticcen devas eceieec caves heel onda elbehearent agin dss readies 
3827 FM Stereo Decoder with Noise-Actuated Blend... cee cette ettnttee ccs 6-16 
3845 and 3846 AM Noise. BlanKers.i.. os .25cccc.-aeqeunadnacnad AtdedsacceibesieisiKeesiniddvetonns lied nailer ies 6-21 
3847 Bual:-Conversion-AM: RECGIVER eis ssscestipie aig carainee. ts lasyatgnnys dbayed Deeaeceets aves hone gaa dbaeneaes 6-28 
3904 and 3906 Quad: FransistorAmays iex.tecdeccdocsseetevdadegsesoaciaales cba coagige ch cess naesecueeee cee taynecamndenea else Sih 7-38 
4000 Medium-Power Quad Darlington Array ........00. ce creer eter teeniaetes 7-36 
4202 and 4203 Stepper Motor Translator Drivers .......0.0. ccc cece etree ea ereesene este cesteceeeceees See 5804 
4204 and 4205 1.25 A Unipolar Stepper Motor Driver oo... ee cece eter etter erieees See 5804 
44014 4-Bit Latched Driver See 5800 
48014 8-Bit Latched Driver See 5801 
4810 4'0:Bit:Serial:in: batched Driver ..-.¢s cys: 2c eee ees Sra eee kee See 5810 
4815 8-Channel Latched Source Driver .............. 0: ccccc eset teen c cnet eee neetente een nea See 5815 
4821 thru 4823 8-Bit Serial-In. Latched Drivers ..........0000..ccceccc eee cece ce cence eres teteetaees See 5821/22/23 
5140 Protected PowerHall Sensor Lamp-Solenoid Driver ......0.ccccc cece cece ceeceeneeereseee 4-49 
5233 and 5238 Vacuum Fluorescent Display Automotive ClOCKS .......00 cocci ect etter tne rtteetenee 
5275 Complementary Output Hail-Effect Latched Driver 
5348 Smoke Detector with Interconnect and Timer 0.20.00... cece ects eee renee eeateenea 
5401 Quad: Transistor: Ara yie vce too ay oy ee ctaatneev hiner neue atta. aaeener asad 


5458, 5463, & 5474 


Vacuum Fluorescent Display Automotive Clocks 


5604 Vacuum Fluorescent Display Automotive Clock 

5615 and 5616 Liquid Crystal Display Automotive CIOCKS oo... cece cece cer et ttre er ete erttie nies 6-44 
5703 and 5706 Quad Peripheral and Power Drivers oo... eee eect renee tieettennereecnesnetniies 3-127 
5721 Dual AND Peripheral and Power Driver .....0...00.ccccccccs eee cece cette teneeensterneensees See 5741 
5723 and 5724 Dual Peripheral and Power Drivers ......0...00..ccccceesee reece teteeeeeteeess See 5743 and 5744 
5725 Dual Peripheral and Power Driver... ccc cece eee rere eter rierriniaeeinrie tee 3-131 
5741 thru 5744 Dual Peripheral and Power Drivers .............0.:cceeessetteeeees Ak vee, 32435 
5751 Dual AND Peripheral and Power Driver o.oo... 0c ccccc cect cen ete eeteererrrerienes See 5741 
5752 Dual Peripheral and Power Driver ...............ccceccccetese cc certee eee cseseeeeteeeetieeer ces caeeetnees 3-141 
5753 and 5754 Dual Peripheral and Power Drivers ......0..0....cccccecseceeeeeeereeeretteeens See 5743 and 5744 
5800 and 5801 High-Speed BIMOS Latched Drivers 0.0... eect ee cite tre tetereeerenes 3-144 


* Complete part number includes additional characters to indicate operating temperature ‘ange and package style 
See detailed specification. 
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ICs AND TRANSISTOR ARRAYS 
PRODUCT INDEX IN NUMERICAL ORDER 


Part Number * 


5800 and 5801 
5804 

5810 

5810-F 

5810 

5811 

5812 

5812-F 

5813 and 5814 
5815 

5816 

5818 

5818-F 

5821 thru 5823 
5822 

5824 

5829 

5830 

5831 

5832 

5833 

5841 thru 5843 
5890 and 5891 
5895 

5900 and 5901 


6116 and 6118 


6118 
6427 
6450 
6502 and 6700 
7003 
7078 
7180 


Description Page 
Extended Temperature, Hermetic, High-Speed BiIMOS Latched Drivers «0.000.000.0000... 5-68 
1.25 A, Unipolar Stepper-Motor Translator/Driver.........0cccccccccesceesssenscessecesseeeeee 3-149 
10-Bit High Speed Serial-In, Latched Source Driver oo... ccc cece eseeeretsteesenaees 3-154 
10-Bit Serial-In, Latched Source Drivers with Active Pulldowns ..........0c0cccceceeeeee 3-158 
Extended Temperature, Hermetic, 10-Bit Serial-In, Latched Source Driver ................ 5-75 
12-Bit High-Speed Serial-In, Latched Driver 2.0.00... ce ccecccecseesseeeeeseeeeetsecsseaeeeseenaee 3-162 
12-Bit High-Speed Serial-!n, Latched Source Driver .....0...0ccccccceeeeeeceeeees See 5812-F 
12-Bit Serial-In, Latched Source Drivers with Active Pulldowns ...............cccceeeeees 3-166 
4-Bit High-Speed Latched 1.5 A Drivers oo... ccc cccceeccceecsecesetseecsteteesteneens 


8-Bit High-Speed Serial-in, Latched Source Driver .....0....c.ccccccecceceeesceeteeteectetesteeees 
Addressable, Latched 16-Channel Driver .o.0..0...00ccccceceeeecccc ce eceecececeeeteveeeeeseteeseees 
32-Bit High-Speed Serial-In, Latched Source Driver 
32-Bit Serial-In, Latched Source Drivers with Active Pulldowns ...0.00..00.00..cccceeeee 
8-Bit High-Speed Serial-In, Latched High-Voltage Drivers ......0....cccceceeeeeeseeeeee 
Extended Temperature, Hermetic, 8-Bit Serial-In, Latched Driver... 
8-Bit Seriai-In, Latched Saturated Sink Driver 2.00.00... ccecececcecccecneceecscvtevereeees 
9-Bit Serial-In, Latched 1.6 A Driver... ccc ceccccecec ete cceccsesesteseevasestcsstecsieseseiess 
4-Bit Latched 1.2 A Darlington Driver 
4-Bit Latched 1.2 A Saturated Driver 
32-Bit Serial-In, Latched Sink Driver oo... occ ccccccccecceeceecccesceseceseessscseeeseceevauesaseatens 

32-Bit Serial-in, Latched Darlington Driver... occ ccc ccceceecscesseessersetecevevneevetetens 

8-Bit Serial-In, Latched High-Voltage Drivers .......0ccccceecccececscesseees crsteseccecnneeesetens 

8-Bit Serial-In, Latched Source Drivers ....0..0..0000ccccceecseeecccenesvecesescscceeseessvsveseserennees 

8-Bit Serial-In, Latched Source Driver... ccccccccecceectecesetecetcesesses eesvetveveverserneasees 

BiMOS Latched 150 V Drivers 2.0.0... ccc ceccccccccceeesecerseestsseeceerecenseeereteraneenes See 5800/01 
SMDP.: Drawing 2.8. csi eeedeudiansuvariewer ual: See Cross-Reference Guide 
Dual Complementary-Pair Transistor Array 


Vacuum Fluorescent Display Drivers .....0...0ccc cc cccccsccseceescscesseeseesscesecetecsesesenaeverenteees 
Reliability Report 
Extended Temperature, Hermetic, Vacuum Fluorescent Display Driver 
Quad!NPN. Transistor Array xia A y.ceevispeetecccaacasondedestuaris (bel dig ecto dinieden ds agate 
Hail Effect Vane Switch Assembly ......00..00.ccceccccceceeceeeesceseetsccessesenseereees 

Dual Complementary-Pair Transistor Arrays 
7-Ghannel,: 150:V Darlington Array ii... .2 <i ei.chs ites ovsveteess toatoanatudadacusin ds decetscacanboscencn’ 
Quad 3 A/S0 V Darlington Switch 2200.0... cence cece ceeececeeesceceneeseetetenees 
Gas-Discharge Display Segment Driver 


* Complete part number includes additional characters to indicate operating temperature range and package style. 
See detailed specification. 


ICs AND TRANSISTOR ARRAYS 
PRODUCT INDEX IN NUMERICAL ORDER 


Part Number * Description 

8000 Schottky: DiOdec Arrays: svscieic cote aneds cideetenstattined eens esi gevdeasnesidi edu dyndelaacNssaginatondd ooh bdmaca vs 
8901 3-Phase Brushless DC Motor Back-EMF Controller/Driver-...... 

8902 and 8903 3-Phase Brushless DC Motor Back-EMF Controller/Drivers 

8922 3-Phase +2 A Brushless DC Motor Controller/DMOS Driver 00... ccceeeeenteeteeees 
8925 3-Phase +4 A Brushless DC Motor Controller/DMOS Driver ... 

8931 12 V Voice Coil Motor Driver o.oo... cee cccccccetseecetsseccsseeesstteesesnrssceseeessnneesssantestiaies 
8932 5 V MOS Voice Coil Motor Driver .......ccccccccccccccecreccscecceeccnteetisseseeerseecsesstsreesaeesieecres 
8958 12 V Voice-Coil Motor Driver... cece ccccc cece cee cneecenseseeneeseeeecneecrsaeeeessteeeestesetennaes 


* Complete part number includes additional characters to indicate operating temperature range and package style. 
See detailed specification. 
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PRODUCT SELECTION GUIDES > 


SECTION 2. PRODUCT SELECTION GUIDES 


Peripheral Power and Display Drivers 00.0.0... cccccccceeceesseeeceeeeee cere tene este tense cceeeeeeegees 2-1 
High-Voltage (290 V) Peripheral Power and Display Drivers... cere 2-4 
BiMOS Smart Power Interface Drivers ........ cc cece eee ce entities eeeeeeeee etter renee tna 2-5 
Motor Drivers .icecc: sesleades ules dues ieivuapte odbc edesage. stony bess dese rey eth naseeeguepegexectwedeaauaae suede nyaae ys 2-6 
Hall-Effect and Optoelectronic SENSOFS ..........0.ceeeeeeee een eeeeeeeeeeeeeeeeetteteeeeeenesateeenenel 2-7 
Military Power and Smart Power Drivers .........0.00::cc ect ce eeceneeeeeeeeteneeetceeeecneeenaas 2-9 
Automotive, Signal Processing, and Consumer ICS ..0....... cece eeeeeettteeeeetreeenees 2-10 
Integrated Circuits Cross-Reference oe eccecec ne ee center enn eeneneeetneeeenneeeias 2-14 
Competitive Integrated Circuits Part-Numbering SySteMS ............. cece 2-17 
See Also: 

Quick Guide to Allegro Discrete De@ViCES 20.0... ccc ccc ceceeeceeeeeeteteeeeeeeentetees 7-1 

Discrete Semiconductors Index and Cross Reference ...........cccceeeeteeetee teeters 7-2 


Discrete and Integrated Circuit Semiconductor Chips................ Brochure CN-193 


SELECTION GUIDE 


PERIPHERAL POWER 
AND DISPLAY DRIVERS 


Sections 3 and 5, unless otherwise indicated 


IN ORDER OF 1) OUTPUT CURRENT, 2) OUTPUT VOLTAGE, 3) NUMBER OF DRIVERS 


Output Ratings * Features 


Serial Latched Diode Saturated Internal 


input Drivers Clamp Outputs Protection 


Hall Sensor/Driver Series 5275 ¢ 
Hall Sensor/Driver 5140 ¢ 

2596 

3611 thru 3614 
5703 and 5706 


xX 
Xx 
x 
x 


to 16-Line Latched Decoder/Driver _ _ 


<x «K KK RK OK 


Xx 
Xx 
Xx 
X 


2547 
= 2549 
Series 5740 


2007 


— 5830 
x —_ — 5831 
7 
x — — 5725 
a x 7 5804 
X = —_ —_— 2061 
Xx = = x 2064. 2068, & 2074 
X — _— _ 2062 
Xx _ _— X 2065 and 2069 
—__| 
* Current is maximum specified test condition, voltage is maximum rating. Continued next page... 


See specification for sustaining voltage limits or over-current protection voltage limits 
+ Complete part number includes additional characters to indicate operating temperature range and package style. 


+ Hail effect or optoelectronic sensor. See Section 4. 
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PERIPHERAL POWER AnD DISPLAY DRIVERS 


Output Ratings * Features 


Serial Latched Diode Saturated Internal 
Input Drivers Clamp Outputs Protection Part Number t 


Active Pull-Down 


Active Pull-Down 
Active Pull-Down 


Active Pull-Down 


Active Pull-Down 
Active Pull-Down 


i xxx *« xx | 


2585 
2985 
5895 


2987 

5891 

2580 and 2588 
2967 

2580-1 and 2588-1 
2981 thru 2984 
5890 


2944 


BR] OwMon@® @© O]M MoO; OD oO 
«x| xX =< «KKK KOKO OK OX 


* Current is maximum specitied test condition, voltage is maximum rating. Continued next page... 
See specification for sustaining voltage limits or over-current protection voltage limits 


+ Complete part number includes additional characters to indicate operating temperature range and package style 


+ Hal! effect or optoelectronic sensor. See Section 4. 
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Output Ratings * Features 


Serial Latched Saturated Internal 
Input Drivers Outputs Protection Part Number t 


Dual Full Bridge Xx ~~ _— oa 2993 
Dual PWM Bridge X xX = 2916 


Xx 
Voice-Coil Motor Driver x — | 8931 and 8958 
3-© Brushless Controller’Driver DMOS xX 8901 and 8902 
3-© Brushless Controller/Driver DMOS x 8903 
Power Op Amp Xx — —_ 3751 
Dual Power Op Amp x — — 3755 
4 Dual PWM Full Bridge X — X 2917 
+2000 14 3 3-O Brushless Controller’Driver Xx 8922 
Half Bridge x — xX 2935 and 2950 
3-O© Brushless Controller’Driver — xX 2936 and 2936-120 
PWM Full Bridge Xx — x 2953 and 2954 
Dual Full Bridge xX — Xx 2998 
+3000 45 2 PWM Control X 
45 2 —_— — x 
+3400 45 1 PWM Control! x — 


+4000 14 3 3-O Brushless Controller’/Driver DMOS x 8925 
14800 65 2 PWM Control xX _ x 2966 
+6000 40 1 _ - 


* Current is maximum specified test condition, voltage is maximum rating. 
See specification for sustaining voltage limits or over-current protection voltage limits 


+ Complete part number includes additional characters to indicate operating temperature range and package style. 


+ Hall effect or optoelectronic sensor. See Section 4 
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HIGH-VOLTAGE PERIPHERAL POWER 
AND DISPLAY DRIVERS 


Section 3 


IN ORDER OF |) OUTPUT VOLTAGE, 1) OUTPUT CURRENT, 3) NUMBER OF DRIVERS 


Output Ratings * Features 
Serial Latched Diode Saturated Internal 
v mA # Input Drivers Clamp Outputs Protection 
100 350 8 x x _ — _ 
350 8 x Xx x — — 
115 0 14 8 — — - — — 
6 ae Le — ee 
8 tea = — — 
7 — Xx _— — 


* Current is maximum test condition; valtage is absolute maximum allowable. 
Negative current is defined as coming out of (sourcing) the output. 


+ Complete part number includes additional characters to indicate operating temperature range and package style. 
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BiMOS SMART POWER 
INTERFACE DRIVERS 


Sections 3 and 5 


Output Ratings * Mil Avail. Part Number ¢ 


Serial-Input Latched Drivers 


8-Bit (saturated drivers) 

8-Bit (saturated drivers) 

8-Bit 

8-Bit 

8-Bit 

8-Bit 

8-Bit 

8-Bit 

8-Bit 

8-Bit 

9-Bit 

10-Bit 5810 
10-Bit (active pull- 5810-F 
10-Bit 5810-1 
10-Bit (active pull- 5810-F-1 


20-Bit (active pull- 5812-F 
20-Bit (active pull- §812-F-1 
32-Bit (active pull- §818-F 
32-Bit (active pull- ) 5818-F-1 
32-Bit 5833 
32-Bit 5832 


Parallel-Input Latched Drivers 


4-Bit 350 mA 50 Vt 
4-Bit g00 mA 50 Vt 
4-Bit (saturated drivers) 800 mA 50 Vt 
8-Bit -25 mA 60 V 
8-Bit -25 mA 80 V 
8-Bit 350 mA 50 Vt 


Special-Purpose Functions 


Unipolar Stepper Motor Translator/Driver 1.25A 50 Vt 5804 
Addressabte Latched Hexadecimal! Driver 350 mA 60 Vt 5816 
* Current is maximum specified test condition. voltage is maximum rating. See specification for sustaining voltage limits. 
Negative current is defined as coming out of {sourcing} the output. 


+t Complete part number includes additional characters to indicate operating temperature range and package style 


+ internal transient-suppression diodes included for inductive-toad protection. 
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Function 


MOTOR DRIVERS 


Sections 3, 4, and 5 


Output Ratings * 


Integrated Circuits for Brushless DC Motors 


3-Phase Controller/Drivers 

2-Phase Hall-Effect Sensor/Controller 
Hall-Effect Latched Sensors 
Hall-Effect Latched Sensor 
Hall-Effect Latcned Sensor 

2-Phase Driver 

3-Phase Back-EMF Controller/Drivers 
3-Phase Back-EMF Controller/Driver 
3-Phase Controller/DMOS Driver 
3-Phase Controller‘DMOS Driver 


Detailed Info. 
Part Number t Section 


Full-Bridge Drivers for DC and Bipolar Stepper Motors 


PWM Current Controlled Dual Full Bridge 
PWM Current Controlled Dual Full Bridge 
PWM Current Controlled Full Bridges 

Dual Full Bridge 
Dua! Full Bridge 


Other Motor Drivers 


Unipolar Stepper Motor Driver 

Linear Servo Motor Driver 

Dual Linear Servo Motor Driver 

nipolar Stepper-Motor Transtator/Driver 
Voice-Coil Motor Drivers 


* Current is maximum specified test condition. voltage is maximum rating. 


120A 45 V 2936 and 2936-120 3,5 
20 mA 25V 3235 4 
10 mA 24V 3175 and 3177 4 
20 mA 25V 3275 4 
300 mA 60 V 5275 4 
800 mA 50 V 5725 3 
+900 mA 7V 8901 and 8902 3 
+900 mA 14V 8903 3 
“20A 14V g922 3 
24.0A 14V 8925 3 
4750 mA 45V 2916 3 
415A 45V 2917 3 
42.0A 50 V 2953 and 2954 3,5 
+500 mA 40 V 2993 3 
+2.0A 50V 2998 3,5 
50 V 2544 3 
28V 3751 3 
40 V 3755 3 
50 V 5804 3 
16V 8931 and 8958 3 


See specification for sustaining voltage limits or over-current protection voltage limits 
Negative current is defined as coming out of (sourcing) the output 


t+ Complete part number includes additional characters to indicate operating temperature range and package style. 
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HALL-EFFECT AND 
OPTOELECTRONIC SENSORS 


Section 4 
Switch Points (at T, = +25°C) Max. Output 
Max. Operate Min. Release Ratings Part Number * 


Unipolar Hall-Effect Switches 


Ext. Temp. 
Available 


2 x 25 mAT/25 V 
25 mA/25 V 

900 mA/28 V 

24 Vt 

25 mA/25 V 

25 mA/25 V 

25 mA/25 V 


Gear-Tooth Sensor 25 mA/24 V 3059 —— 
25 maz a 


* Complete part number includes additional characters to indicate operating temperature range and package style. 


+ Output 1 switches on south pole, output 2 switches on north pole. 


+ Multiplexed two-wire sensor; after proper address. power’signal dbus current indicates magnetic field condition. 


Switch Points (at T, = +25°C) Max. Output Ext. Temp. 
Max. Operate Min. Release Ratings Part Number * Available 


Bipolar Hall-Effect Switches 


25 mA/25 V 
25 mA/25 V 
25 mA/25 V 


Switch Points (at T, = +25°C) Max. Output Ext. Temp. 
Min. Operate Max. Operate Ratings Part Number * Available 


Bipolar Hall-Effect Latches 


15 mA/24 V 
15 mA/24 V 


2 x 50 mA/25 Vt 
2 x 500 mA/30 Vt 


* Complete part number includes additional characters to indicate operating temperature range and package style. 


t+ Complementary outputs for 2-phase unipolar brushless de motor control 


at 


HALL-EFFECT anpD OPTOELECTRONIC SENSORS 


Linear Hall-Effect Sensors 
Typical output 0.7 mV/gauss 3501 — 
Typical output 1.3 mV/gauss 3503 yes 


Description Part Number * 


Optoelectronic Switches 


Ext. Temp. 
Description Part Number * Available 


Twilight sensor, ON below 10 .W/icme typ. 3390 
Open collector, ON below 55 uW/cm2 typ. 3330 


Internal pull-up, ON below 55 W/cme typ. 3360 
Open collector, OFF below 55 uW/cm2 typ. 3363 


Linear Optoelectronic Sensors 


Minimum output 280 nA/uW/cem2 3311 
Minimum output 350 nA‘uW/cem2 3312 


* Complete part number includes additional characters to indicate operating temperature range and package style. 
See also, 2429 fluid detector and 5348 smoke detector, Section 6. 


SELECTION GUIDE 


MILITARY POWER 
AND SMART POWER DRIVERS 


Section 5 


Part Number Description* 


SMDP Devices 


5962-3814103BEC See ULS2003H 
5962-3814106BVC See ULS2801H 
5962-3814107BVC See 
5962-3814108BVC See 
5962-3814109BVC See 


§962-3814110BVC LS2805H 
5962-8605801MVC LS2803H 
5962-8605801M2C 
§962-8753201MEC 
§962-8753202MEC 


5962-8764001MWC See UCS5801 
5962-8764101MWC See UCS5822 
5962-8851901MVC See UDS2981 
5962-8968401MVC/A See ULS2821H’R 
5962-8968401M2C See ULS2821EK 


5962-8968501MVC/A See ULS2823H/R 
5962-8968501M2C See ULS2823EK 
5962-8968601MVC/A See ULS2824H/R 
5962-8968601M2C See ULS2824EK 


MIL-STD-883 Compliant Devices t 


2001 thru 2005 7-Channel 50 V/350 mA Darlington Arrays 
2011 thru 2015 7-Channe! 50 V/500 mA Darlington Arrays 
2021 thru 2025 7-Channel 95 V/350 mA Darlington Arrays 
2064 thru 2077 Quad 1.25 A Darlington Switches 

2801 thru 2805 8-Channel 50 V/350 mA Darlington Arrays 


2811 thru 2815 8-Channel 50 V/500 mA Darlington Arrays 

2821 thru 2825 8-Channe! 95 V/350 mA Darlington Arrays 

2936 3-Phase 45 V’z2 A Brushless DC Motor Controller/Driver 
2953 Full-Bridge 50 V/t2 A PWM Motor Driver 

2981 thru 2984 8-Channel 50 V or 80 V/-350 mA Source Drivers 


2998 Dual 50 V =1.8 A Full-Bridge Motor Driver 
3119 thru 3140 Hall Effect Switches $ 

3611 thru 3614 Dual 80 V'300 mA Peripheral/Power Drivers § 
5800 4-Bit 50 V.350 mA Latched Driver 

5801 8-Bit 50 V 350 mA Latched Driver 


10-Bit Serial-In, 60 V/-25 mA Latched Source Driver 
8-Channel. 60 V’-25 mA Latched Source Driver 
8-Bit Serial-in, 80 V/350 mA Latched Driver 
8-Channel 85 V/-25 mA VF Display Driver 


* Current is maximum specified test condition, voltage is maximum rating 
See specification for sustaining voltage limits or over current protection voltage limits 


+ Complete part number includes additional characters to indicate operating temperature range and package Style. 
+NON-COMPLIANT because of differences in moisture resistance test method. 


§ NON-COMPLIANT because of package dimensions. 
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SELECTION GUIDE 


AUTOMOTIVE, SIGNAL-PROCESSING, 
AND CONSUMER ICs 


Part Supply Voltage 
Number * Inputs Function Range 


Linear Integrated Circuits for Radio Applications (Detailed Information in Section 6) 


3827 Composite Audio FM Stereo Decoder w/Noise-Actuated Blend 7.5-12V 
3845 to 30 MHz AM Stereo Noise Blanker 7.5-12V 
3846 to 30 MHz AM Noise Blanker 7.5-12V 
3847 to 20 MHz Dual-Conversion AM Receiver 6.5-16 V 


* Complete part number includes additional characters to indicate operating temperature range and package style 


Detailed Info 
Part Number* Function Section 


Specialized Integrated Circuits for Automotive Applications 


2429 
2436 and 2437 
2453 and 2454 
2455 
2460 


3059 
3360 and 3390 
6233 thru 5604 


Low-Coolant Detector 
Rear-Window Defogger Timers 
Dual Automotive Lamp Monitors 
Quad Automotive Lamp Monitor 
Electronic Spark Timing 


Hall Effect Gear-Tooth Sensor 
Twilight Sensors 
Vacuum Fluorescent Automotive Clocks 


AOR AIMDAOD OH 


5615 and 5616 LCD Automotive Clocks 
Specialized Integrated Circuits for Consumer Applications 
2429 Fluid Detector 6 
2436 and 2437 Countdown Power Timers 6 
2455 Quad Comparator 6 
3059 Hall Effect Gear-Tooth Sensor 4 
3360 Twilight Sensor 4 
5348 lonization-Type Smoke Detector 6 
6450 Hall Effect Vane Switch 4 
8931 and 8958 Brushless DC Motor Drivers 3 
Other Analog Integrated Circuits 
3311 and 3312 Precision Light Sensors 4 
3501 and 3503 Linear Output Hall Effect Sensors 4 
375 Power Operational Amplifier 3 
3755 Dual Power Operational Amplifier 3 
8931 and 8958 Voice-Coil Motor Drivers 3 


* Complete part number includes additional characters to indicate operating temperature range and package style. 
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CROSS REFERENCE 


MFG CODES: 


IN ALPHA-NUMERICAL ORDER 


The suggested replacement devices are based on 
similarity as shown in currently published data. Exact 
replacement in all applications is not guaranteed and the | 
user should compare the specifications of the competitive 
and recommended replacement. 


QPL Qualified (QPL) to MIL-M-38510 


AMI American Microsystems 
ASAHI Asahi 

cs Cherry Semiconductor 
DI Dionics, Inc. 

EXR Exar Integrated Systems 
FSC Fairchild Semiconductor 
HIT Hitachi Ltd. 

IP Integrated Power 

MAT Matsushita 

MICR Microswitch 

MIT Mitsubishi Electric Corp. 
MOT Motorola Semiconductor 
MT Mietec 

NS National Semiconductor 
OK! Oki Semiconductor 

PE Pro-Electron + 


RCA RCA (Harris) 

RFA Rifa 

SAM Samsung Semiconductor 

SG Silicon General Inc. 

SIEM Siemens Corp. 

SIG Signetics Corp. 

SGS SGS/ATES 

SMDP Standard Military Drawing Program t+ 
SPR Sprague Semiconductor Group 
SYL Sylvania 

THM Thomson-CSF 

TI Texas Instruments 

TOS Toshiba Corp. 

TRW TRW 

UNI Unitrode 


$ European registration: manufactured by various companies including 
ITT. Philips, SGS/ATES, Siemens. Thomson-CSF. AEG-Telefunken, 


Valvo, & others. 


+ Ordering part number is SMDOP Drawing number as listed 
Commercial part number is shown for reference only 


* Functional equivalent only; usually improved performance but not 


necessarily pin compatible 
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CROSS REFERENCE 
CA-NE 


Competitive Part Number 


Competitive Part Number 


Base Mfg. Suggested Base Mtg. Suggested 
Prefix Number Suffix Code(s} Replacement Notes] Prefix Number Suffix Code(s) Replacement Notes 
CA 3219 AE RCA UDN2543B L 293 SGS UDN2993B i 
CA 3219 E RCA UDQ2543B L 293 D SGS/UN| UDN2993B i 
CA 3242 E RCA UDN2543B L 295 SGS/UNI UDN2962W iJ 
CA 3262 E RCA UDN2543B L 298 SGS/UN| UDN2998W * 
cs 166 CS ULN2429A L 298 D SGS UDN2998W : 
DI 300 Di UDN7180A L 298 DNE Tl UDN2993B 2 
DI 507 DI UDN6116A-1 iE 6220 SGS UDN2544B 
DI 508 DI UDN6116A : L 6221 SGS UDN2540B 
DI 509 DI UDN6116A-2 : M 2064 P MIT ULN2064B . 
DI 509 BR DI UDQ6116A-2 * M 2065 P MIT ULN2065B 
DI 514 DI UDN6118A-2 M 2580 P MIT UDN2580A 
DN 6835 NS/MAT  UGN3501U M 2580 P-| MIT UDN2580A-1 
DN 6836 NS/MAT ~UGN3501U M 2981 P MIT UDN2981A 
DN 6837 NS/MAT  UGN3119U M 2982 P MIT UDN2982A 
DN 6838 NS/MAT ~UGN3130U M 2983 P MIT UDN2983A 
ON 6839 NS/MAT  UGN3119U M 2984 Pp. MIT UDN2984A 
ECG 2021 SYL UDN6118A M 38510/14103 BEC QPL  ULS2003H883 
ECG 2026 SYL UDN6116A-1 M 38510/14106 BVC QPL  ULS2801H883 
EW 500 ASAHI UGN3175U M 38510/14107  =BVC QPL  ULS2802H883 
EW 550 ASAHI UGN3140U M 38510/14108 BVC QPL  ULS2803H883 
FPQ 2222 FSC TPQ2222 M 38510/14109 BVC QPL ULS2804H883 
FPQ 2907 FSC TPQ2907 M 38510/14110  BVC QPL  ULS2805H883 
FSA 2619 P FSC TND908 M 54532 P MIT ULN2064B = 
FSA 2719 P FSC TND903 M 54562 P: MIT UDN2982A 
HA 13007 HIT UDN2540B M 54563 P MIT UDN2981A 
HA 13415 HIT UDN2543B MC 3479 P MOT UCN5804B e 
HA 13421 A HIT UDN2993B " MPQ 2222 MOT TPQ2222 
HA 16617 P HIT UDN6118A-2 MPQ 2369 MOT TPQ2369 
HA 16617 PJ HIT UDQ6118A-2 MPQ 2484 MOT IPQ2484 
P 293 D P UDN2993B ie MPQ 2907 MOT TPQ2907 
P 2064 N P ULN2064B MPQ 3799 MOT TPQ3799 
P 2065 N P ULN2065B MPQ 3904 MOT TPQ3904 
P 2068 N P ULN2068B MPQ 3906 MOT TPQ3906 
P 2069 N P ULN2069B MPQ 6002 MOT TPQ6002 
P 2074 N P ULN2074B MPQ 6502 MOT TPQ6502 
JAN 2003 J SG ULS2003R MPQ 6700 MOT TPQ6700 
KA 2580 A SAM UDN2580A MSL 912 R OK UDN6118A-2 
KA 2588 A SAM UDN2588A MTC 6020 MT UCN5801A 
L 165 SGS ULN3751Z NE 594 N SIG UDN6118A-2 
L 272 SGS ULN3755B . NE 594 F SIG UDN6118R-2 


* Functional equivalent only: usually improved performance but not necessarily pin compatibie 
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CROSS REFERENCE 
OH-TL 


Competitive Part Number Competitive Part Number 


Base Mfg. Suggested Base Mfg. Suggested 
Prefix Number Suffix Code(s) Replacement Notes | Prefix Number Suffix Code(s) Replacement Notes 
OH 360 TRW UGN3120- SN 65518 FN TI UCQ5818EPF 
OHN 3013 U TRW UGN3113U SN 65518 N TI UCQ5818AF 
OHN 3019 U TRW UGN3119U SN 75064 NE Tl ULN2064B 
OHN 3020 U TRW UGN3120U SN 75065 NE Ti ULN2065B 
OHN 3030 U TRW UGN3130U SN 75068 NE Ti ULN2068B 
OHN 3040 U TRW UGN3140U SN 75069 NE TW ULN2069B 
OHS 3019 U TRW UGS3119U SN 75074 NE Tt ULN2074B 
OHS 3020 U TRW UGS3120U SN 75407 P Ti UDN5752M 
OHS 3030 U TRW UGS3130U SN 75437 ANE Tt UDN2543B 
OHS 3040 U TRW UGS3140U 

SN 75512 BN TI UCN5811A 

PBD 3517 RFA UCN5804B * SN 75518 FN Tt UCN5818EPF 
PBL 3717 RFA UDN2953B i‘ SN 75518 N TI UCN5818AF 
PBL 3770 RFA UDN2953B a SN 75605 K TS UDN2950Z 
QeT 2222 Tl TPQ2222 SN 754410 Ti UDN2993B ¢ 
Ss 4534 AM! UCN5810A SN 754411 Ti UDN2993B s 
S 4535 AMI UCN5818AF Ss 31 EA MICR UGS3131- 
SA 594 i SIG UDQ6118R-2 Ss 41 MICR UGS3131UA 
SA 594 N SIG UDQ6118A-2 Ss 46 MICR UGN3130UA 
SAA 1027 SIG/PE UCN5804B 1 Ss 81 CA MICR UGS3131- 
SAA 1042 MOT/PE UCN58048 ui SS 81 EA MICR UGN3131- 
SAS 251 $5 SIEM UGN3119- TA 7272 P TOS ULN3755W - 
SG 298 D SG UDN2998W 7 TCA 365 PE/SIEM ~ ULN3751Z is 
SG 2001 * SG ULS2001R883 TOD 62064 AP TOS ULN2064B 
SG 2002 J SG ULS2002R883 TD 62064 P TOS ULN2064B 
SG 2003 J SG ULS2003R883 TD 62074 AP TOS ULN2074B 
SG 2004 J SG ULS2004R883 TD 62074 P TOS ULN2074B 
SG 2064 Ww SG ULN2064B TD 62781 AP TOS UDN6118A-2 
SG 2065 Ww SG ULN2065B TDA 3717 PE UDN2953B % 
SG 2068 Ww SG ULN2068B TEA 3717 PE UDN2953B 
SG 2069 Ww SG ULN2069B TID 121 T TND933 
SG 2074 Ww SG ULN2074B TID 122 7! TND940 
SG 3173 P SG ULN3751Z TID 123 ‘a TND938 
SG 3635 P SG UDN29352 TID 124 uy TND939 
SG 3643 iS) SG UDN2962W * TL 70 T. UGN3130U x 
SG 3851 J SG ULS2011R883 TL 17. Cc T UGN3119U i 
SG 3852 J SG ULS2012R883 Th 173 Cc ag UGN3503U ‘ 
SG 3853 J SG ULS2013R883 TL 173 | T UGN3503U - 
SG 3854 J SG ULS2014R883 TL 4810 BDW T UCN5810LWF 
SG 6118 N SG UDN6118A 85 4810 BIDW ah UCQ5810LWF 
SN 65512 BN Tl UCQ5811A TL 4810 BIN Ty UCQ5810AF 


* Functional equivalent only; usually improved performance but not necessarily pin compatible. 
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CROSS REFERENCE 
TL-ULN 


Competitive Part Number Competitive Part Number 
Base Mfg. Suggested Base Mfg. Suggested 

Prefix Number Suffix Code(s) Replacement Notes | Prefix Number Suffix Code(s) Replacement Notes 
TE 4810 BN TI UCN5810AF UDN 6184 A SPR UDN6118A-1 

ls 5812 FN TI UCN5812EPF UGN 3013 _— SPR UGN3113- 

TL 5812 N Ti UCN5812AF UGN 3019 — SPR UGN3119- 

TL 5812 FN TI UCN5812EPF UGN 3020 — SPR UGN3120- 

TL 5812 IFN Tl UCQ5812EPF UGN 3030 — SPR UGN3130- 

TL 5812 IN TI UCQ5812AF UGN 3040 — SPR GN3140- 

uA 9667 DMBQ FSC ~~ ULS2003R883 UGN 3075 _— SPR UGN3175- 

UC 2950 A UNI UDN29502 UGN 3077 ~~ SPR UGN3177- 

UC 3175 UNI A8958SEA UGN 3131 — SPR UGN3132- 

UC 3517 UNI UCN5804B : UGN 3501 M SPR UGN3501LI * 
UC 3620 UNI UDN2936W : UGS 3019 — SPR UGS3119- 

UC 3717 A UNI UDN2953B : UGS 3020 — SPR UGS3120- 

UC 3770 UNI UDN2954W 7 UGS 3030 _ SPR UGS3130- 

UCN 4202 A SPR UCN5804B : UGS 3040 — SPR UGS3140- 

UCN 4203 A SPR UCN5804B 2 UGS 3131 — SPR UGS3132- 

UCN 4205 B-2 SPR UCN5804B UHP 181 SPR UDN5706A - 
UCN 4401 A SPR UCN5800A UHP 400 SPR UDN5706A : 
UCN 4801 A SPR UCN5801A UHP 400 -1 SPR UDN5706A * 
UCN 4801 ADP THM UCN5801A UHP 402 SPR UDN5703A 

UCN 4810 A SPR UCN5810A UHP 402 -1 SPR UDN5703A 
UCN 4810 N Ti UCN5810A UHP 406 SPR UDN5706A - 
UCN 4815 A SPR UCN5815A UHP 406 -4 oPR UDN5706A ; 
UCN 4821 A SPR UCN5821A ULN 2064 B MOT/SGS  ULN2064B 

UCN 4822 A SPR CN5822A ULN 2064 N P ULN2064B 

UCN 4823 A SPR UCN5823A ULN 2064 NE MOT/T ULN2064B 

UCN 5812 A SPR UCN5812AF ULN 2065 B MOT/SGS ULN2065B 

UCN 5812 AF-1 SPR UCN5812AF-1 ULN 2065 N P ULN2065B 

UCN 5812 EP SPR UCN5812EPF ULN 2065 NE MOT/T ULN2065B 

UCN 5812 EP-1 SPR  UCN5812EPF-1 ULN 2068 B MOT/SGS ULN2068B 

UD 4181 SPR UDN5706A ‘ ULN 2068 N P ULN2068B 

UDN 2541 B SPR UDN2543B : ULN 2068 NE MOT/T ULN2068B 

UDN 2542 B SPR UDN2543B - ULN 2069 B MOT/SGS ULN2069B 

UDN 2949 Z SPR UDN29502Z ULN 2069 N P ULN2069B 

UDN 2952 B SPR UDN2953B : ULN 2069 NE MOT/T ULN2069B 

UDN 2952 WwW SPR UDN2954W ‘ ULN 2074 B MOT/SGS — ULN2074B 

UDN 2956 A SPR UDN2957A i ULN 2074 N p ULN2074B 

UDN 2975 Ww SPR UDN2962W * ULN 2074 NE MOT/T ULN2074B 

UDN 5732 M SPR UDN5752M ULN 2401 A SPR LN2455A * 
UDN 6126 A SPR UDN6116A ULN 3006 T SPR UGN3119U 

UDN 6164 A SPR UDN6116A-1 ULN 3008 T SPR UGN3501U 


* Functional equivalent only; usually improved performance but not necessarily pin compatibie 


CROSS REFERENCE 
ULN-XR 


Competitive Part Number Competitive Part Number 

Base Mfg. Suggested Base Mfg. Suggested 
Prefix Number Suffix Code(s) Replacement Notes | Prefix Number Suffix Code(s) Replacement Notes 
ULN 3310 T SPR ULN3312T ULS 2805 L P ULS2805H883 
ULS 2001 J IP ULS2001 R883 ULS 2811 J P ULS2811R883 
ULS 2001 L IP ULS2001H883 ULS 2811 L P ULS2811H883 
ULS 2002 J IP ULS2002R883 ULS 2812 J P ULS2812R883 
ULS 2002 L IP ULS2002H883 ULS 2812 L P ULS2812H883 
ULS 2003 J IP ULS2003R883 ULS 2813 J P ULS2813R883 
ULS 2003 L IP ULS2003H883 ULS 2813 L P ULS2813H883 
ULS 2004 J IP ULS2004R883 ULS 2814 J P ULS2814R883 
ULS 2004 L: IP ULS2004H883 ULS 2814 L P ULS2814H883 
ULS 2005 J IP ULS2005R883 ULS 2815 J P ULS2815R883 
ULS 2005 L P ULS2005H883 ULS 2815 Lv P ULS2815H883 
ULS 2011 J P ULS2011R883 ULS 2821 J P ULS2821R883 
ULS 2011 L IP ULS2011H883 ULS 2821 L P ULS2821H883 
ULS 2012 J P ULS2012R883 ULS 2822 J IP ULS2822R883 
ULS 2012 L P ULS2012H883 ULS 2822 L IP ULS2822H883 
ULS 2013 J P ULS2013R883 ULS 2823 J IP ULS2823R883 
ULS 2013 L P ULS2013H883 ULS 2823 L IP ULS2823H883 
ULS 2014 J IP ULS2014R883 ULS 2824 J IP ULS2824R883 
ULS 2014 L P ULS2014H883 ULS 2824 L IP ULS2824H883 
ULS 2015 J P ULS2015R883 ULS 2825 J IP ULS2825R883 
ULS 2015 L P ULS2015H883 ULS 2825 L IP ULS2825H883 
ULS 2021 J P ULS2021R883 ULS 3006 T SPR UGS3119U 
ULS 2021 L IP ULS2021H883 US 7438 A SPR UDN5706A . 
ULS 2022 J P ULS2022R883 XR 6116 P-2 EXR UDQ6116A-2 
ULS 2022 L P ULS2022H883 XR 6118 P EXR UDN6118A 
ULS 2023 J IP ULS2023R883 XR 6118 P-2 EXR UDN6118A-2 
ULS 2023 L P ULS2023H883 6 SS MICR UGN3501- is 
ULS 2024 J IP ULS2024R883 8 Sst MICR UGS$3130- 2 
ULS 2024 Le IP ULS2024H883 8 SS1E1 MICR UGN3130- . 
ULS 2025 J IP ULS2025R883 8 SS3 MICR UGS3119- i 
ULS 2025 L IP ULS2025H883 8 SS3E1 MICR UGN3113- 7 
ULS 2801 J P ULS2801 R883 8 Sss MICR UGS3130- * 
ULS 2801 L P ULS2801H883 8 SSSE1 MICR UGN3130- i 
ULS 2802 J P ULS2802R883 8 SS7 MICR UGN3119- . 
ULS 2802 L P ULS2802H883 8 SS7E1 MICR UGN3119- . 
ULS 2803 J P ULS2802R883 55 SS16 MICR UGN3113- : 
ULS 2803 L P ULS2803H883 65 SS2 MICR UGN3113- ‘ 
ULS 2804 J P ULS2804R883 91 $S$12-2. MICR UGN3501- 
ULS 2804 L P ULS2804H883 92 $S$12-2 MICR UGN3501- _ 
ULS 2805 J P ULS2805R883 103 SR MICR UGN3501- * 


* Functional equivalent only; usually improved performance but not necessarily pin compatible. 
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Competitive Part Number 


+ 


* 


Base Mfg. Suggested 
Prefix Number Suffix Code(s) Replacement Notes 
103 SRS5A-1 MICR UGN3113- 
103 SR13A-1. MICR UGS3119- 
103 SR17A-1. MIGR UGS3130- 
513 SS16 MICR UGS3120- 
517 SS16 MICR UGS3131- 
613 SS2 MICR UGN3119- 
617 SS2 MICR UGS3130- 
5962-3814103 BEC QPL  ULS2003H883 
5962-3814106 BVC QPL  ULS2801H883 
5962-3814107  BVC QPL ULS2802H883 
5962-3814108 BVC QPL  ULS2803H883 
5962-3814109 BVC QPL  ULS2804H883 
5962-3814110 BVC QPL  ULS2805H883 
5962-8605801 MVC SMDP  ULS2803H883 
5962-8605801 M2C SMDP ULS2803EK883 
5962-8605801 vc SMDP  ULS2803H883 
5962-8605801 2c SMDP ULS2803EK883 
5962-8753201 EC SMDP  ULS2069H883 
5962-8753201 MEC SMDP  ULS2069H883 
5962-8753202 MEC SMDP  ULS2070H883 
5962-8764001 MWC SMDP UCS5801H883 
5962-8764001 WC SMDP UCS5801H883 
5962-8764101 MWC SMDP UCS5822H883 
5962-8764101 WC SMDP UCS5822H883 
5962-8851901 MVC SMDP UDS2981H883 


ee a ee eed 


Base 
Prefix Number 


Mfg. 


Suggested 


Suffix Code(s) Replacement Notes 


5962-8968401 
5962-8968401 
5962-8968401 
5962-8968401 
5962-8968501 
5962-8968501 
5962-8968501 
5962-8968501 
5962-8968601 


5962-8968601 

5962-8968601 

5962-8968601 
9665 
9666 
9667 
9668 


* Functional equivalent only; usually improved performance but not necessarily pin compatible 


MV- 
M2- 


DM 
DM 
DMQB 
DM 


FSC 
FSC 
FSC 


ULS2821H/R883 
ULS2821EK883 
ULS2821H/R883 
ULS2821EK883 
ULS2823H/R883 
ULS2823EK883 
ULS2823H/R883 
ULS2823EK883 
ULS2824H/R883 


ULS2824EK883 
ULS2824H/R883 
ULS2824EK883 
ULS2001R883 
ULS2002R883 
ULS2003R883 
ULS2004R883 


t Ordering part number is DESC Drawing number, or SMDP Drawing number as listed. Commercial part number is shown for reference only. 
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COMPETITIVE IC 


PART NUMBERING 


Cherry Semiconductor: 
cs 123 


D 
a Package. D = Small Outline 

DW = Wide-Body Small Outline 

FN = Plastic Leaded Chip Carrier 

J = Ceramic DIP 

N = Plastic DIP 

V = Power Tab SIP 

VH = Power Tab SIP with Lead Form 
Exar: 


XR 2001 C 


N 

ee Package. D = Smail Outline 
N = CerDIP 
P = Plastic DIP 


Grade. C = Commercial (0°C to +70°C) 
M = Military (-55°C to +125°C) 
Blank = Improved Commercial 
Fairchild: 


uA 705 Pp Cc 


ite Temperature. C = Commercial (0’C to +70 or +75°C) 
L = -55°C to +85°C 
M = Military (-55°C to +125°C) 


Package. D = Ceramic DIP 

J = Flange Mount (TO-66) 

K = Flange Mount (TO-3) 

P = Plastic DIP 

R = Ceramic Mini-DIP 

T = Plastic Mini-DIP 

U = Power Tab (TO-220) 
Fujitsu: 


MB 3759 ~E 


Cc 
Mewes Package. C = Ceramic 
P = Plastic DIP 
Z = CerDIP 
Hitachi: 


HA 1199 


Pp 
(ae Package. P = Plastic DIP 
C = Ceramic DIP 
CG = Ceramic Leadiess Chip Carrier 
CP = Plastic Leaded Chip Carrier 
G = CerDIP 
SO = Small Outline 
Integrated Power: 


IP 3 P 45 T 
a Package. D = Ceramic 
J = CerDIP 
K = Flange Mount (TO-3) 
N = Plastic DIP 
T = Power Tab (TO-220) 
Temperature. 1 = -55°C to +125°C 
2 = -25°C to +85°C 
3 = 0°C to +70°C 
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COMPETITIVE IC PART NUMBERING 


Mitsubishi: 
M 5 4523 P 
Package. K = CerDIP 
P = Plastic DIP 
S = Ceramic DIP 
Temperature. 5 = Commercial/Industrial 
9 = Military 
Motorola: 
MC 1311 P 
Package. D = Small Outline 


National Semiconductor: 


LM 380 N 
oo Package. 


Pro-Electron: 


K = Metal Flange Mount (TO-3) 
L = Ceramic DIP 

P = Plastic DIP 

PQ = Plastic Quad In-Line 

R = Metal Flange Mount (TO-66) 
T = Power Tab (TO-220) 

U = Ceramic DIP 


D = Ceramic DIP 

E = Ceramic Leadless Chip Carrier 
J = CerDIP 

M = Small Outline 

N = Plastic DIP 

T = Power Tab (TO-220) 

V = Plastic Leaded Chip Carrier 
WM = Wide-Body Smail Outline 


TD A 1060 =P 
Material. C = Metal-Ceramic 
G = Glass-Ceramic (CerDIP) 
M= Metal 
P = Plastic 
Package. D = Dual In Line 
G = Flat Quad 
K = Diamond 
Temperature. A = See Detail Specification 
B = 0°C to +70°C 
C = -55°C to +125°C 
D = -25°C to +70°C 
E = -25°C to +85°C 
F = -40°C to +85°C 
G = -55°C to +85°C 
RCA (Harris): 
CA 758 E 
jis Package. D = Ceramic DIP 
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E = Plastic DIP 

F = CerDIP 

M = Small Outline 

Q = Plastic Leaded Chip Carrier 

W = Staggered Quad In-Line Plastic 
Blank = See Detail Specification 


COMPETITIVE IC PART NUMBERING 


SGS-Thomson: 
L 292 Cc 


Vv 
‘ones Package. M=Mini-DiP 
N = DIP 
T = Flange Mount 
V = Power Tab SIP (TO-220) 
VH = Power Tab SIP with Lead Form 


Special. C = Commercial Temperature 
D = Internal Diodes 
Signetics: 


NE 564 


N 
dees Package. A = Plastic Leaded Chip Carrier 
D = Smail Outline 
F = CerDIP 
FE = Mini-CerDIP 
G = Leadless Chip Carrier 
{ = Ceramic DIP 
N = Plastic DIP 
U = Plastic SIP 


Temperature. NorNE=0°C to+70°C 
SA = -40°C to +85°C 
S or SE = -55°C to +125°C 
SU = -25°C to +85°C 
Silicon General: 


SG 1524 F 


Package. D = Small Outline 
DM = 8-Lead Small Outline 
DW = Wide-Body Small Outline 
G = Power Tab (TO-220) 
H = Ceramic DIP 
J = CerDIP 
L = Leadiess Ceramic Chip Carrier 
M = Plastic Mini-DIP 
N = Plastic DIP 
P = Power Tab (TO-220) 
W = Plastic DIP Semi-Tab 
Y = Ceramic Min.-DIP 
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COMPETITIVE IC PART NUMBERING 


Texas Instruments: 
SN 75 064 NE 


Package. D = Smail Outline 
DW = Wide-Body Small Outline 
FG = Ceramic Rectangular Leadless Chip Carrier 
FH = Ceramic Square Leadless Chip Carrier 
FK = Ceramic Square Leadless Chip Carrier 
FM = Plastic Rectangular Leaded Chip Carrier 
FN = Plastic Square Leaded Chip Carrier 
J =CerDIP 
JD = Ceramic DIP 
K = Power Tab (TO-220) 
N = Plastic DIP 
ND = Piastic DIP Semi-Tab 
NE = Plastic DIP Semi-Tab 
P = Plastic Mini-DiP 


Temperature. 55 = -55°C to +125°C 
75 = 0°C to +70°C 


4 Cc J 
| Aas Package. As shown above. 


Temperature. C = Commercial (0°C to +70°C) 
E = Extended (-40°C to +85°C) 
| = Industrial (-25°C to +85°C) 
M = Military (-55°C to +125°C) 


TL 49 


Toshiba: 
TA 7272 =P 


Package. C = Ceramic 
D = CerDIP 
J = Plastic SOJ 
P = Plastic DIP 
T=PLCC 


PERIPHERAL POWER & DISPLAY DRIVER ICs q 


SECTION 3. TECHNICAL DATA & APPLICATION NOTES 
FOR PERIPHERAL POWER AND DISPLAY DRIVER ICS 


iM NUMe@riCal- OFdSh ..cesctlectevacletdeatiaetarmaeteeigndesqusPeunasee eer en Guns qedipeadw ie deat Beginning at 3-1 

Applications Information: 
Power ICs for Motor-Drive Applications ........... ieee eeerteeeeeeeeeseeeeeeeeettties 3-284 
Integrated Circuits for Current-Sourcing Applications «00... eee eeeees 3-292 
Expanding the Frontiers of IC Interface for Electronic Displays ................0... 3-302 
Trends in IC Interface for Electronic Displays 0.0.0.0... ceeceeeeeeeeeeteteeeeees 3-309 
2936 3-Phase Brushless DC Motor Controller/Driver oo... eee 3-315 
Series 3750 Power Operational Amplifier Applications ..........0..:cccceee 3-319 


Series 5800 BIMOS II Power Drivers ..0.......cccccccccccceeccceseeeeeceeeesuveeveseeaueeneceeas 3-332 


2061 THRU 


2074 


1.5 A DARLINGTON SWITCHES 


High-voltage, high-current Darlington arrays ULN2061M through 
ULN2074B are designed for interface between low-level logic and a 
variety of peripheral loads such as relays, solenoids, dc and stepper 
motors, magnetic print hammers, multiplexed LED and incandescent 
displays, heaters, and similar loads. Output OFF voltage ratings of 50 V 
and 80 V are available. In the DIP, the quad drivers can drive resistive 
loads to 480 watts (1.5 A x 80 V, 26% duty cycle). For inductive loads, 
sustaining voitages of 35 V and 50 V at 100 mA are specified. 


ULN2064/65B 


Dual-driver arrays ULN2061M and the higher-voltage ULN2062M 
are used for common-emitter (externally connected) or emitter-follower 
applications. They are supplied in 8-pin plastic mini-DIPs. 


Quad drivers ULN2064B/LB, ULN2065B, ULN2068B/LB, and 
ULN2069B are intended for use with TTL, low-speed TTL, and 5 V MOS 
logic. The ULN2065B and ULN2069B are selected for the 80 V minimum 
output breakdown specification. The ULN2068B/LB and ULN2069B have 
pre-driver stages and are recommended for applications requiring high 
gain (low input-current loading). Isolated Darlington array ULN2074B is 
identical to the ULN2064B except for the isolated Darlington pinout and 
the deletion of suppression diodes. This switch is for emitter-follower 
applications. Quad-driver arrays are supplied with heat-sink contact 
tabs in 16-pin plastic DIPs (suffix B) and 20-lead surface-mountable 


Dwg. No. A-S7654 


ABSOLUTE MAXIMUM RATINGS 


at +25°C Free-Air Temperature 5 te - | 
for Any One Driver wide-body SOICs (suffix LB}. 
(unless otherwise noted) FEATURES 


Output Voltage. Vopy es See Guide @ TTL. DTL, MOS. CMOS Compatible Inputs 
Output Sustaining Voltage. B® Transient-Protected Outputs 
Vegigusy -... See Guide ™@ Loads to 480 Watts 
Output Current, Ij, (Note 1) 2.2.2... 1.75 A HH Heat-Sink Contact Tabs on Quad Arrays 
input Voltage. V,,, (Note 2)...... See Guide 
Input Current, I, (Note 3) 2.0.2.2... 25 mA 
Supply Voltage, 
V, (ULN2068B’LB & 2069B) ..... 10 V 
Total Package Power Dissipation 
fee Stine tues Leese Naar: See Graph 
Operating Temperature Range. 
TyjodeBuata ahulsh neaaes -20°C to +85°C 
Storage Temperature Range. 
Ts a Suess nica Guten Pace -55°C to -150°C 


. Allowable combinations of output current. 
number of outputs conducting. and duty cycle 
are shown on following pages. 


2. Input voltage is referenced to the substrate (no 
connection to other pins) for the ULN2061/62M 
and ULN2074B. reference is ground for al! other 
types. 


3. Input current may be limited by maximum 
allowable input voltage 


Always order by complete part number, e.g., |ULN2061M | . 
See matrix on next page. Note that al! devices are not available 
in all package types. 
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2061 THRU 2074 
1.5 A DARLINGTON SWITCHES 


28 SELECTION GUIDE 


Part Max. Min. Max. 
Number* Voex Vceisus) Vin Application 
ULN2061M_ 50 V 35V | 30V TTL, DTL, Schottky TTL, 
ULN2062M 80 V 50 V 


40 20 LEAD SOIC. Ry» 6 CW 


16 PINDIP. Ry. = 13 CW 
60 V and 5 V CMOS 

ULN2064B 50 V 35 V 15V TTL, DTL, Schottky TTL, 
ULN2064LB and 5 V CMOS 
ULN2065B 
ULN2068B 
ULN2068LB : 
ULN2069B 80 V 50 V 15V 


ff * Suffixes ‘LB’ are SOICs, ‘B’ and ‘M' are DIPs. 
We 


a0 20-LEAD SOIC, Ag, - 45° CW cs 


16-PIN DIP. Reja = 40 Cw 


gov | 50V 15V 
50 V 35 V 15V 


2.0 - TTL, DTL, Schottky TTL, 


and 5 V CMOS 


General 


Purpose 


8-PIN DIP. Ayj, = 80 Cc. 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


25 50 75 100 125 150 
TEMPERATURE IN °C 
Dwg. GP-027 


TEST FIGURES 


Dwg. No. A-9729A Dwg. No. A-19,350 Dwg. No. A-10.349 Dwg. No. A-9732 


FIGURE 1 FIGURE 2 FIGURE 3 FIGURE 4 


PEN 


‘ 
_ 
| ak ‘id PEN ; 7 “edt 


tp 


4 


Dwg. No. A-9734A Dwg. No. A-9735A Dwg. No. A-9736 Dwg. No. A-10,351 


FIGURE 5 FIGURE 6 FIGURE 7 FIGURE 8 


2061 THRU 2074 
1.5 A DARLINGTON SWITCHES 


PARTIAL SCHEMATIC ULN2061/62M 
K 
350 c " 
8 O—*? c 
a 7.2K 
ats VW OF ; 
Dwg. No. A-10.352B Owg. No. A-10.230A 


ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted). 


Test Applicable Limits 
Characteristic Symbol Fig. Devices Test Conditions Min. Max. Units 
loex : -_ ' 


Output Leakage Current ULN2061M Va. =50V 


Vee = 50V.T,= 70°C 


ULN2062M V.. =80V 


Veg = 80 V.T, = 70°C 
Output Sustaining Voltage Vv ULN2061M o = 100mMA.V, = 0.4V 
‘ULN2062M 5 = 100mMA.V,=0.4V 
Collector-Emitter Verisati ~ = 500 mA, |, = 625 pA 
Saturation Voltage a ; 

- = 750 mA. |, = 935 LA 


~=1.0A. 1, = 1.25 mA 


ULN2062M 2 = 1.5 A", 1, = 2.25 mA 


Input Current linionn Vi =24V 


nza75V 


Input Voltage Both Vop =2.0V.1,=1.0A 
ULN2061M | V2, =2.0V,1,=1.25 A" 
~ULN2062M | V,, =2.0V,1,=1.5A" 


Turn-Off Delay Both O5E to0.5E 


out 


Clamp Diode Leakage Current ULN2061M V,=50V 
“Vp = 50V, T, = 70°C 

V, = 80 V 
Vp = 80 V.T, =70C 


Clamp Diode Forward Voltage 


““Pulse-Test 
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PARTIAL SCHEMATIC ULN2064/65B ULN2064LB 


ee eee iele 

K : — 

A IB. 
3 : 


1 
i 
i 7.2K 
i 
t 
, 
7 ie 7] 16 7+ 
+ [3 teats): 
Dwg. No. A 10,353C Dwg. No. A 9765A 


ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted). 


Test Applicable 
Symbol Fig. Devices Test Conditions 


ae 1 ULN2064" Veg = 50V 


Vip=50V.T,= 70°C — 


Characteristic 


Output Leakage Current 


ULN2065B Voge = 80 V 
cp = 80 V. TF, = 70°C 
Output Sustaining Voltage ULN2064* 6 = 100MA, V, = 0.4V 


= 100 mA, V,, = 0.4V 
= 500 MA. |, = 625 uA 


ULN20658 
Both 


Collector-Emitter Vv 


CEISAT; 
Saturation Voltage 7 


lc = 750 MA, fy = 985 HA 


~ULN2065B 


= 15 A, =2.25mA 

Input Current Both 
Input Voltage Both 

ULN2064* 

ULN2065B ae 

a ; 
Turn-On Delay tous ad Both O.5E, t005E,., 
a | 
Turn-Off Delay tai = Both O5E, toO5E, 
Out 
Clamp Diode Leakage Current I, 6 ULN2064* T V2 50V 
| V,, = 50 V.T, = 70°C 

ULN2065B V,.= 80 V 

Clamp Diode Forward Voltage 


* Complete part number includes suffix to identify package style: B = DIP with heat sink tabs. LR = SOIC with heat sink tabs 
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2061 THRU 2074 
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PARTIAL SCHEMATIC ULN2068/69B ULN2068LB 


Dig. No. A-10 3546 Dwg. No. A 14,327 


ELECTRICAL CHARACTERISTICS at 425°C, Vv. = 5.0 V (unless otherwise noted). 


Test | ‘Applicable Limits 
Characteristic Symbol Fig. Devices Test Conditions Min. Max. | Units 
Output Leakage Current loex 1 ULN2068* V.. = 50V _ 100 uA 
| v..=50V.T,=700 | — 500 | pA 
uin2zoe98 =| V.,=80V f= 100 | na 
| Va. = 80V.T, = 70°C ie 500 | uA 
Output Sustaining Voltage M GeisG& 2 ULN2069* ~= 100 mA. V.. = 0.4 V 35 = Vv 
|_ULN2069B = =100mMA.V,=0.4V- 5 ee ia 
Collector-Emitter Vecisat: 3 Both - = 500 MA. VV. = 2.75 V _ 14 V 
Saturation Voltage ‘ i. = 750 mA. Vy =275V = “412 Vv 
SEO VS Oa Ne = ee" > age 
_=1.25A,V,=275V aay eae Vv 
ULN20698 |= 1.5 A, Vy =2.75V = 15 [ v 
input re re V,,=2.75V = 550 | WA 
V,,=3.75 V ~ P4000 [nA 
Input Voltage R ULN2068° Vie =2.0V. p= 125A 
| Wee kOVi a H1SA 
Supply Current Both |, = 500 MA, V..= 2.75 V 
Turn-On Delay a a Both 0.5E, t005E,, = 1.0 
Turn-Off Delay torn — Both 0.5€E., to 0.5 ane lo =1.25A —_ 1.5 [Us 
Clamp Diode Leakage Current in 6 ULN2068* V.=50V _ 50 uA 
) v.,=50V.T,=70C ae 100 | WA 
ULN2069B V.= 80V -. — 50 | uA 
Vz = 80 V.T, = 70°C. ie 100 | WA 
Clamp Diode Forward Voltage | V,. 7 Both |= 1.0A Va. wae lV 


= 15A ; = S95] Hip 


*Complete part number includes suffix to identify package style: B = DIP with heat sink tabs, LB = SOIC with heat sink tabs. 
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PARTIAL SCHEMATIC ULN2074B 


Dwg. No. A- 16.3558 


Dwg. No. A-9766 


ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted). 


Test Limits 
Characteristic Symbol Fig. Test Conditions Min. Max. 
Output Leakage Current teey 1 Vop = 50 V — 100 
~ Veg = 50V.T, = 70°C — 500 
Output Sustaining Voltage Veeisus) 2 1, = 100 mA, V, = 0.4 V 35 
Collector-Emitter CEISAT) 3 I, = 500 mA. I, = 625 tA — 
Saturation Voltage eats ~— —— 
|, = 750 mA, |, = 935 2A a 
I, =1.0A, n= 1.25 mA ae 
Ip= 125A, 1, = 2.0mA -_ 
input Current Lion 4 Vy = 24V 1.4 
Vy e3.75V 3.3 
Input Voltage ViNiON 5 Vop =2.0V,1,=1.0A _— 
Vop=20V,1,=125A | — 
Turn-On Delay toi — O5E, to0.5E,, -— 
Turn-Off Delay tout — O5E t005E,,, _ 1.5 us 
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INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE AT +25°C 


La 7 7 
V4 7 
sey a 
ULN206).62 ULN2068'69 
ULN2064°65 F 
‘ ULN2074 10 
Z 7 = 
$ < 08 
z 8 e 
5 z 
2, 
x = 
Bb = 0.6 
= 3 
a — 
‘ae —_ 
£ ae 
4 Za 
0,2 
0 1 
2.9 3.5 a8 A fy LS 20 25 3.0 35 40 4s 5.0 
INPUT VOLTAGE - ¥ , INPUT VOLTAGE - Viy 
Dwg. No. A-10,363C Dwg. No. A-12.306A 


COLLECTOR CURRENT AS A FUNCTION OF INPUT CURRENT AT +25°C 


= 
15 

eS 

“ 
¥ & 
S 21 
3 = 
4 z 
g = 
z = 
= z 
Z = 
= 3 
; s 

50.5 
g" =| 
3 fo} 
3 8 
3 

50 
INPUT CURRENT IN A - Ip 
Owg. No. A-10.358C Dwg. No, A-12.306A 
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PEAK COLLECTOR CURRENT AS A FUNCTION OF DUTY CYCLE 
(DUAL IN-LINE PACKAGED DEVICES) 


ia ea B 
Zz 
Fed 
5 
oO 
5 , ‘ 4 
eee 1.9 $ 
3% 
one 2 
O® — 
iG ULN-2061M = 3 
ag ULN=2062M S . 
aE 0.5 
m= 4 
a 
8 — 
5 NUMBER OF OUTPUTS 
cS CONDUCTING | 
é 3.5 {| SIMULTANEOUSLY 
. 3 x 7 UL.N2064 “HROUGH ULN20748 
: ge 7 sete WITH STAVER V-7 HEAT SINK 
PERCENT DUTY CYCLE SS Se whey _ ean 
Dwg. No. A 10.3564 i 27.5 CW 
1, oe a De 
Q 26. 49 rte) 1OG 


PERCENT DUTY CYCLE 


IN AMPERES AT 70°C 


7 i 
t~ NGMBER OF OUTP ca 
CONDUCTING 

SIMULTANEOUSLY 
ULN2064 THROUGH ULNeC748 | 


ALLOWABLE PEAK CCLLECTCR CURRENT 


oe oe 
0 20 49 60 
VERCENT BUTY CYCLE 


NUMBER OF OUTPLTS 
—oernT CONDUCTING a Se 
SIMUL TANFOUSI Y 
ULN2064 THROUGH U 
WITH STAVER V-8 HEAT 
t 37.5 CW 


_ a 1. 


100 


Dwg. No. A-10,360B 


0 23 40 80 190 
DUTY CYCLE 

va Dwg. No A-10.400C 

G 

Gu 

on 

rs) 


NUMBER ¢ a, 
pew -« CONDUCTING — i, 
SIMULTANEOUSI ¥ I 
LLN2064 THROL 
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PEAK COLLECTOR CURRENT AS A FUNCTION OF DUTY CYCLE 
(DUAL IN-LINE PACKAGED DEVICES, contd) 


NUMBER OF OUTPUTS 
CONDUCTING | 

a.3 SIMULTANEOUSLY 
ULN2064 THROUGH ULN 
WITH STAVER V-7 HEAT 


NUMBER OF QUTPUTS 

pod CONDUCTING wa eee) 
SIMULTANEOUSLY 
ULN2064 THROUGH ULN2074B 
+ WiTH STAVER V-8 HEAT SINK 


20 43 & = 198 20 40 60 


ENT DUTY CYCLE 


ee 
3 


Te) 


fat 


PERCENT GUTY CYCLE 
Dwg. No. A-10.399C Dwg. No. A-10,401C 


(ULN2064LB and ULN2068LB only) 


e E 
= = 
Zz = “ 
ce 15 = 5 
x 5 
) o 
(em = 
= S 
Oo 25 " 
ag 10 a 2 
xo fe 
ae UTS A Ee 4 
a NEOUSLY a < Ec 
Ww : O5 PLANE ousty an O85 NUMBER OF OUIPLTS == 
aw == CONDUCTING SIMULTANEOUSLY 
(sige 2a 
$ Ww $ ! | 

& oe 

Ss 25 
ed Le 
ZZ zz 4 

0 20 40 60 890 100 an) 20 40 60 80 100 
PER CENT DUTY CYCLE PERCENT DUTY CYCLE 
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TYPICAL APPLICATIONS 


It 


LR ee Ne Sie ee ete WLLELD 


yyy wnt 
i Pe eS a A x a: oo Bi u onad tA ni ve! eal Bi * a mi Bi ’ ; mia wt 


ep aetpet he Bae ered 
YY ry 
DEA y * ry| vel eel ##| A 


Dwg. No. B-1364A 


COMMON-ANODE LED DRIVERS 
(Series UDN2980A/EP/LW devices can be used in similar applications at currents of up to 500 mA) 


I i ji 
A 5 LY, Ld 
atl pe eee 
ws i I 4 j eGGuuEE u w be ” bcee we 4 if » yn #4 i: 
+ ae t or 


Dwg. No. B-1365 


COMMON-CATHODE LED DRIVERS 
(Type ULN2068B;LB is also applicable} 
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GROUND 
GROUND 


Dwg. No. A-11.561A 


ABSOLUTE MAXIMUM RATINGS 
at T, = 25°C 


Output Voitage, Vou, 
Output Current, lout ( 

(COMUIMUOUS) sas ca eee de Cees 18A 
Logic Supply Voltage, V.,......-.-- 7.0V 
Input Voltage, V,,, 

Package Power Dissipation, 

Pp See Graph 
Operating Temperature Range, 

Tie -20°C to +85°C 
Storage Temperature Range, 

-55°C to +150°C 


QUAD DARLINGTON 
POWER DRIVER 


Combining AND logic gates and inverting high-current bipolar 
outputs, the UDN2540B quad Darlington power driver provides inter- 
face between low-level signal-processing circuits and power loads 
totaling 360 W. Each of the four independent outputs can sink up to 
1.8 Ain the ON state with peak inrush currents to 2.5 A. The four 
power outputs are each comprised of an open-collector Darlington 
driver and an internal flyback/clamp diode for switching inductive leads. 
They feature a minimum breakdown and sustaining voltage of 50 V. 
The logic inputs are compatible with TTL and 5 V CMOS logic systems. 


Typical applications include print heads, relays, solenoids, and 
dc stepping motors. The UDN2540B can also be used to drive high- 
current incandescent lamps, LEDS, and heaters. A similar device, 
specifically intended for driving a unipolar stepper motor in the two- 
phase drive format, is the UDN2544B. 


The UDN2540B is supplied in a 16-pin batwing power DIP. The 
batwing construction provides for maximum package power dissipation 
in a standard DIP construction. At 25°C, and with only 1 sq. in. of 
copper foil at the ground tabs, the package is capable of safely 
dissipating 3.8 W. 


FEATURES 


@ 1.8 A Continuous Output Current 

@ Output Voltage to 50 V 

@ TTL and 5 V CMOS Compatible Inputs 
@ Efficient Input/Output Pinning 

@ Integral Transient-Suppression Diodes 
@ Replaces L6221A 


Always order by complete part number: |UDN2540B| . 
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2540 
QUAD DARLINGTON POWER DRIVER 


ELECTRICAL CHARACTERISTICS at T, = 25°C,T, < 150°C, V.., = 4.75 V to 5.25 V. 


Characteristic Symbol Test Conditions 


Output Leakage Current 


Vout = 50 V, Vi = 0.8 V. Vey = 2.4V 


Voyr = 50.V, Viy = 2.4 V. Vey = 0.8 V 


Output Sustaining Voltage Veg;sus) lout = 18 A, L = 3.0 mH 
Output Saturation Voltage VoEISAT) loyr = 800 MA, VV = Vey = 24 V 
lout = 1.0 AV = rae =2.4 Vv 7 
lout = 18 A. Viy = Ven = 2-4 V 
Input Voltage Logic 1 inc OF Ven) 
Logic 0 capo Vand, - 
Input Current Logic 1 ina or ¥ =24V 


EN(1) 


or Vento) =0.8V 


Total Supply Current wh = Ven = 24 Vs Veg = 8.0 V, 


Outputs Open 


"2 Vey = 0.8 V, Veg = 5.0 


Clamp Diode Forward Voltage Vv. =i0OA 
I.=1.8A 
Clamp Diode Leakage Current a =50V oad ee) 


Typical Data is for design information only. 
*All inputs simultaneously. all other tests are performed with each input tested separately. 


2 
10 
< 
= 
z 

| 
z 
o & B 
& So» 
a ee | 
a &- ' 1 
rr 
z TRUTH TABLE 
a gt. = = 
G | OUT 
Ny RO 
° mi 40 Cay 
a 2 ON 
br _ 
B OFF 
< 
3 0 OFF 
a 8 50 75 109 125 150 
< TEMPERATURE IN °C X = Don't care. 

Owg GP-004-4 


2540 
QUAD DARLINGTON POWER DRIVER 


TYPICAL APPLICATION 
(QUAD RELAY DRIVER WITH ZENER FLYBACK) 
+28V 
IVYY Na 
Ka 
K3 Na 
ENABLE 
K2 
+5V 
15V 
PL IN 2 
a oS O IN; 
1 
Dwg. EP-016 


APPLICATIONS INFORMATION 


A typical application is shown for driving four high-current relays, 
solenoids, or print heads. A Zener diode is used to increase the flyback 
voltage, providing a much faster inductive load turn-OFF current decay, 
resulting in faster dropout (reduced relay contact arcing), and !mproved 
performance. The maximum Zener voltage, plus the load supply 
voltage, plus the flyback diode forward voltage must not exceed the 
device's rated sustaining voltage. 


With external control circuitry, the ENABLE input can be used for 
chopper (PWM) applications. If the ENABLE input is not used, it should 
be tied high. 


All inputs will float high if open circuited. 


Veo +¥z + VF 


=~ Vee + VE 


me 
50 
z< 
—— 

3 
20 
> 


Yee 


Meo ZENER CLAMP 
DIODE CLAMP 


Owg. WP-001 
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UDN2543B 


GROUND 
GROUND 
OUT» 

K 

OUT, 


Dwg. No. A-11.561A 


ABSOLUTE MAXIMUM RATINGS 
at T= 25°C 


Output Voltage, V5., 
Over-Current Protected Output Voltage, 


Output Current, lyr - 
Supply Voltage, Veg... ee eee ees 7.0V 
Input Voltage, Vi, OF Veg. serene ee 18V 
Package Power Dissipation, 

See Graph 
Operating Temperature Range, 
Sat iedategea oats ak Renna -20°C to +85'C 


T 
aoe 
Storage Temperature Range, 


Ty cee ees -55°C to +150°C 


“Outputs are peak current limited at approximately 
1.0 A per driver. See Circuit Description and 
Applications for further information. 


PROTECTED 
QUAD POWER DRIVERS 


Providing interface between low-level signal processing circuits and 
power loads to 240 W, the UDN2543B and UDN2543EB quad power 
drivers combine NAND logic gates and high-current bipolar outputs. 
Each of the four independent outputs can sink up to 700 mA in the ON 
state. The outputs have a minimum breakdown voltage of 60 V and a 
sustaining voltage of 35 V. The inputs are compatible with most TTL, 
DTL, LSTTL, and 5 V CMOS and PMOS logic systems. 


Over-current protection has been designed into each channel of the 
UDN2543B/EB and typically occurs at 1A. It protects any one channel 
from output short circuits with supply voltages up to 25 V. When the 
maximum output current is reached, that output stage is driven linearly. 
If the over-current condition continues, that output’s thermal limiting will 
operate, limiting that output’s power dissipation. The outputs also 
include transient suppression diodes for use with inductive loads such 
as relays, solenoids, or dc stepping motors. 


The UDN25438B is supplied in a 16-pin power OIP while the 
UDN2543EB is a 28-lead power PLCC for surface-mount applications. 
Both packages are of batwing construction to provide for maximum 
package power dissipation. They are rated for continuous operation 
over the temperature range of -20°C to +85°C. Similar devices for use 
in automotive applications, or over an extended temperature range, are 
available as the UDQ2543B and UDQ2543EB. 


FEATURES 


@ 700 mA Output Current per Channel 

H Output Voltage to 60 V 

m@ Low Output-Saturation Voltage 

@ Integral Output Transient-Suppression Diodes 

@ TTL, CMOS, PMOS, NMOS Compatible Inputs 

@ Independent Over-Current Protection for Each Output 


Always order by complete part number: 


: Part Number Package ; 
UDN2543B | 16-PinDIP 
UDN2543EB | 28-Lead PLCC | 


2543 
PROTECTED QUAD POWER DRIVERS 


FUNCTIONAL BLOCK DIAGRAM 
(1 OF 4 CHANNELS) 
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2543 
PROTECTED QUAD POWER DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = 


Characteristic 


Output Leakage Current 


Output Saturation Voltage 


Output Sustaining Voltage 


Test Conditions 


Vour = 60. V, Viy = 0.8.V. Vex = 2.0V 


+25°C, Vig = 4.75 V to 5.25 V 


Limits 
Max. 


Min. 


OUT 
Vogr = 60 V. Vi, = 2.0 V, Vey = 0.8 V 
Ioyr = 100 MA, Vi = Vey, = 0.8 V 
lout = 100 MA, Vi, = Vj, = 2.0V 


OLT 


Vourisus) OUT 


UT SAT) 


lou = 400 MA. Viy = Vey = 2.0 V 


lor = 700 MA. Vi, = Vex = 2.0 V 


Input Voltage 


Logic 1 Vinny OF Vent, 


or V 


Input Current 


Logic 0 Vino ENIG) 
Logic 1 Vv OF Vey, =20V 


“INE1} lip es _ 
=0.8V 


Logic 0 orV 


Total Supply Current 


) 
Vino) EN(Oi 
lour = 700 MA, Vin" = Ven = 2.0.V 


Clamp Diode Forward Voltage 


|-=1.0A 


Outputs Open. V° = O.8V.V..=2.0V 


|-=1.5A 


Clamp Diode 
Leakage Current 


V,=60V.V. = Vi, = 2.0 
D,+D,orD,+0D, 


* Allinputs simultaneously. all other tests are performed with each input tested separately. 


aan < 


Be 


2543 
PROTECTED QUAD POWER DRIVERS 


TYPICAL OUTPUT BEHAVIOR CIRCUIT DESCRIPTION AND APPLICATION 


INCANDESCENT LAMP DRIVER 


High incandescent lamp turn-ON/in-rush currents can destroy 

[NOT TO scate! semiconductor lamp drivers and contribute to poor lamp reliability. 
=F However, lamps with steady-state current ratings up to 500 mA can be 

driven with the UDN2543B/EB without the need for warming or current- 

limiting resistors. 


When an incandescent lamp is initially turned ON, the cold filament 
SHORT CIRCUIT is at minimum resistance and would normally allow a 10x to 12x in-rush 
current. With the UDN2543B/EB, during turn-ON, the high in-rush 
current is sensed by the internal low-value sense resistor. Drive current 
NORMAL LOAD to the output stage is then diverted by the shunting transistor and the 
load current is momentarily limited to approximately 1.0 A. During this 
transition period, the output stage is driven in a linear fashion. During 
lamp warmup. the filament resistance increases to its maximum value, 
the output stage goes into saturation and applies full supply voltage to 
the lamp. 


OUTPUT CURRENT 


CURRENT LIMIT 


aME bw weo-3 ~~» INDUCTIVE LOAD DRIVER 


Bifilar (unipolar) stepper motors, relays, or solenoids can be driven 
directly. The internal flyback diodes prevent damage to the output 
transistors by suppressing the high-voltage spikes which occur when 
turning OFF an inductive load. 


FAULT CONDITIONS 


In the event of a shorted load. the load current will attempt to 
increase. As described above. the drive current to the affected output 
stage is diverted. causing the output stage to go linear, limiting the peak 
output current to approximately 1 A. As the power dissipation of that 
output stage increases, a thermal gradient sensing circuit will become 
operational, further decreasing the drive current to the affected output 
stage and reducing the output current to a value dependent on supply 
voltage and load resistance. If the fault condition is corrected, the 
output stage will return to its normal saturated condition. 


Due to the independent operation of the four channels, only a 
single channel should be shorted at a time. Multiple overload condi- 
tions may be tolerated provided rated package power dissipation is not 
exceeded. 


2344 


GROUND 


GROUND 


Dwg. No. PP-017 


ABSOLUTE MAXIMUM RATINGS 
at T, = 25°C 


Output Voltage, Vgy+ 
Output Current, lo.j7 


(Continuous) 
Logic Supply Voltage, V., 
Input Voltage, V,,, 
Package Power Dissipation, 

Pe See Graph 
Operating Temperature Range, 

Th -20°C to +85°C 
Storage Temperature Range, 

-55°C to +150°C 


QUAD DARLINGTON 
POWER DRIVER 


Combining logic gates and high-current bipolar outputs, the 
UDN2544B quad Darlington power driver provides an interface 
between low-level logic circuitry and high-power loads. Each of the 
four outputs can sink up to 1.8 A in the ON state with peak inrush 
currents to 2.5 A. The four power outputs are each comprised of an 
open-collector Darlington driver and an internal flyback/clamp diode for 
switching inductive loads. They feature a minimum breakdown and 
sustaining voltage of 50 V. The logic inputs are compatible with TTL 
and 5 V CMOS logic systems. 


This device is particularly well-suited for unipolar stepper motor 
drive applications. With complementary control inputs and an active-low 
ENABLE, the UDN2544B makes it easy to implement full stepping of a 
stepper motor with only two microcontroller/microprocessor control 
lines. Other typical applications include relay or solenoid driving and 
incandescent or LED lamp driving. 


The UDN2544B is supplied in a 16-pin batwing power DIP. The 
batwing construction provides for maximum package power dissipation 
in a standard DIP construction. At 25°C, and with only 1 sq. in. of 
copper foil at the ground tabs. ihe package is capable of safely dissi- 
pating 3.8 W. 


FEATURES 


@ 1.8 A Continuous Output Current 

™ Output Voltage to 50 V 

@ Inputs Configured for Unipolar Stepper Motors 
@ Active-Low Output Enable 

M TTL and 5 V CMOS Compatible Inputs 

BH Integral Transient-Suppression Diodes 


Always order by complete part number: UDN2544B| , 


2544 
QUAD DARLINGTON POWER DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, T, < 150°C, V,... = 4.75 V to 5.25 V. 


Characteristic Test Conditions 


Output Leakage Current loex Voyr = 90 V _- 
Output Sustaining Voltage ere our = 1-8 A, L = 3.0 mH 


Output Saturation Voltage 


Input Voltage IN(1) oF Vena) 


IN(O) or Venco) 


IN(O) oF Venio) = 


All Outputs ON, Outputs Open 


All Outputs OFF 


I-=1.0A 


I= 1.8A 


Va =50V 


Typical Data is for design information only 


TRUTH TABLE F t0 

3 “= = he =a = 
z 
z 
So & % 7 
a a 
a 2. 
a On 
B Y 
oO 6 1 1 

X = Don't care ry 
= 
fo} 
a4 
WwW 
g 

R. 

fa Bua agg 
a 2 —— m 
ud 
al 
feo} 
=z 
= 
o 0 
= 25 50 75 100 125 150 
4 TEMPERATURE iN ‘C 
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2544 
QUAD DARLINGTON POWER DRIVER 


TYPICAL APPLICATION 
(UNIPOLAR STEPPER MOTOR WITH ZENER FLYBACK) 


Dwg, EP-015 


TRUTH TABLE APPLICATIONS INFORMATION 


INPUTS WINDINGS A typical application is shown driving a four-phase unipolar stepper 
v2 (3/4 B c motor. Note that with the complimentary control inputs, only two logic 
ON OFF signals are needed to drive the motor in the two-phase format. The two 
ON ON phase drive format illustrated, energizes two adjacent phases in each 
OFF ON detent position (AB, BC, CD, DA) to provide an improved torque-speed 
OFF OFF product and greater detent torque. 


A Zener diode can be used to increase the flyback voltage. The 
increased flyback voltage gives a much faster inductive load turn-OFF 
current decay resulting in improved motor performance. The maximum 
Zener voltage, plus the load supply voltage, plus the flyback diode 
forward voltage must not exceed the device's rated sustaining voltage. 


Veo +Vz + Ve 


With external contro! circuitry, the ENABLE input (active low) can 
be used for chopper (PWM) applications. If the ENABLE input is not 
ecole Veo Ve used, it should be tied low. 


OUTPUT 
VOLTAGE 


All inputs will float high if open circuited. 


VCE (SAT) 


Vout —~4 Pe aeipis CLAMP 
\ 77 DIODE CLAMP 
~ 
x 
Trex 


Dwg. WP-o01 


OUTPUT 
CURRENT 
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UDN2547B 


FAULT 


IN4 


OUT, IN2 


ENABLE 


OUT? 


GROUND 


GROUND 


GROUND 


GROUNDS 


OUT3 SUPPLY 
NO IN 
CONNECTION 3 
OUT, INg 
Dwg. PP-C18 


ABSOLUTE MAXIMUM RATINGS 
at T, = 25°C 


Output Voltage, Voyp sees e eee eee 60 V 
Over-Current Protected Output 
Voltage, Voyp vice e eee eee eee 25V 
Output Current, logy eee eee eee 1.3 A* 
FAULT Output Voltage, V- .......... 40 V 
Supply Voltage, Voge... ee eee eee 7.0V 
Input Voltage, Vy Or Vays. see ce eee 7.0V 
Package Power Dissipation, 
ee ee ee See Graph 
Operating Temperature Range, 
Aspe jex nO acuadaes ak -20°C to + 85°C 
Storage Temperature Range, 
Meath Ba Rane 2 alee -55°C to + 150°C 


“Outputs are current limited at approximately 

1.3 A per driver and junction temperature limited 
if current in excess of 1.3 A is attempted. 

See Circuit Description and Application for further 
information. 


Always order by complete part number: 


| Part Number Package | 
UDN2547B 16-Pin DIP | 


UDN2547EB._28-Lead PLCC - 


L 


PROTECTED 
QUAD POWER DRIVERS 


Providing interface between low-level signal processing circuits and 
power loads, the UDN2547B and UDN2547EB quad power drivers 
combine logic gates and high-current bipolar outputs with complete out- 
put protection. Each of the four outputs will sink 600 mA in the ON 
state. The outputs have a minimum breakdown voltage of 60 V anda 
sustaining voltage of 40 V. The inputs are compatible with TTL and 5 V 
CMOS logic systems and include internal pull-down resistors to insure 
that the outputs remain OFF if the inputs are open-circuited. 


Over-current protection for each channel has been designed into 
these devices and is activated at approximately 1.3 A. It protects each 
output from short circuits with supply voltages up to 25 V. When a 
maximum driver output current is reached, that output drive is reduced 
linearly, maintaining a constant load current. If the over-current or short 
circuit condition continues, each channel has an independent thermal 
limit circuit which will sense the rise in junction temperature and turn 
OFF the individual channel that is at fault. Foldback circuitry decreases 
the output current if excessive voltage is present across the output and 
assists in keeping the device within its SOA (safe operating area). 


Each output also includes diagnostics for increased device protec- 
tion. If any output is shorted or opened, the diagnostics can signal the 
controlling circuitry through a common FAULT pin. 


The UDN2547B’EB can be used to drive various resistive loads 
including incandescent lamps (without warming or limiting resistors). 
With the addition of external output clamp diodes, the UDN2547B/EB 
can be used to drive inductive loads such as relays, solenoids, or de 
stepping motors. 


The UDN2547B is a 16-lead power DIP while the UDN2547EB is 
a 28-lead power PLCC for surface-mount applications. Both packages 
are of batwing construction to provide for maximum package power 
dissipation. They are rated for continuous operation over the tempera- 
ture range of -20°C to + 85°C. Similar devices for use in automotive 
applications, or over an extended temperature range, are available as 
the UDQ2547B and UDQ2547EB. 


FEATURES 


600 mA Output Current per Channel 

Independent Over-Current Protection for Each Driver 
Independent Thermal Protection for Each Driver 
Output Voltage to 60 V 

Output SOA Protection 

Low Output-Saturation Voltage 

TTL and 5 V CMOS Compatible Inputs 

Diagnostic FAULT Output 
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2547 
PROTECTED QUAD POWER DRIVERS 


UDN2547EB 
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' 
SUPPLY [18] 
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NO CONNECTION 
NO CONNECTION 


FUNCTIONAL BLOCK DIAGRAM 


770 FAULT 


ENABLE 


COMMON CONTROL 


ONE OF FOUR ORIVERS 
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2547 
PROTECTED QUAD POWER DRIVERS 


ELECTRICAL CHARACTERISTICS at T,=+ 25°C,V 


Characteristic Symbol 
lour 


= h5 V 105.5 V 


Limits 
Min. Typ. Max. Units 


c¢ 


Output Leakage Current 


Voyr = 80 V, Viy = 0.8 V. Vig = 2.0 V 


Vout = 60 V, Viy = 2.0 V. Vex = 0.8 V 


Output Sustaining Voltage 
Vv 


Output Saturation Voltage 


OUT{SAT 


5 ms PulseTest, V..,, = 5.0 V 


Over-Current Limit 


input Voltage 
Input Current 


Fault Output Leakage Current 


Fault Output Current 


Fault Output Saturation Voltage 


Tota) Supply Current 


Viner) OF Vee) 


Vinioy Of Verio) 


or Venas =2.0V 


or Venta) =0.8V 


IN(1) 


Vv 
Vino) 


V.=40V 


V, = 40 V. Driver Outputs Open, 
Vin = 0.8 V. Vey = 2.0V 


All Outputs ON 


All Outputs OFF 


Thermal Hysteresis 


Typical Data is for design information only. 


STATUS 


Normal Load 


Over-Current or 
Short to Supply 


Thermal Fault 


Open Load or 
Short to Ground 


X = Don't care 
R = Linear drive. current limited. 
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2547 
PROTECTED QUAD POWER DRIVERS 


LAMP CURRENT 


1 
. 
u 
a 


NORMAL LAMP IN-RUSH CURRENT 


NOT TO SCALE 


CURRENT LIMIT ’ 


THERMAL SHUTDOWN 


THERMAL HYSTERESIS -— 


TIME 


7 SHORT CIRCUIT 


Dwg. WP-005A 


CIRCUIT DESCRIPTION AND APPLICATION 


The UDN2547B or UDN2547EB monitors its outputs for open or 
shorted conditions. Both conditions are sensed by comparing the input 
and output states. Note that the FAULT output is operational only if the 
ENABLE input is high. When a fault condition is sensed, the FAULT 
output will go to alow state. An external FAULT output filter capacitor is 
recommended to eliminate erroneous switching. 


INCANDESCENT LAMP DRIVER 


High incandescent lamp turn-ON/in-rush currents can contribute 
to poor lamp reliability and destroy semiconductor !amp drivers. 
Warming or current-limiting resistors protect both driver and Jamp but 
use significant power either when the lamp is OFF or when the lamp is 
ON, respectively. Lamps with steady-state current ratings up to 600 mA 
can be driven by the UDN2547B/EB without the need for warming or 
current-limiting resistors. 


When an incandescent lamp is initially turned ON, the cold filament 
is at minimum resistance and would normally allow a 10x to 12x in-rush 
current. With the UDN2547B/EB drivers, during turn-ON, the high in-rush 
current is sensed by the internal low-value sense resistor, drive current 
to the output stage is diverted by the shunting transistor, and the load 
current is limited to approximately 1.3 A. During this short transition 
period, the ouput driver is driven in a linear fashion. During lamp warmup, 
the filament resistance increases to its maximum value, the output driver 
goes into saturation and applies maximum rated voltage to the lamp. 


INDUCTIVE LOAD DRIVER 


With the addition of external clamp diodes, bifilar (unipolar) step- 
per motors and other inductive loads can be driven directly. The external 
diodes prevent damage to the output transistors by suppressing the high- 
voltage spikes which occur when turning OFF an inductive load. 


OVER-CURRENT CONDITIONS 


In the event of a shorted load, or stalled motor, the load current will 
attempt to increase. As described above, the drive current to the affected 
output stage is linearly reduced (limiting the load current to about 1.3 A), 
causing the output stage to go linear. As the junction temperature of the 
output stage increases, the thermal shutdown circuit will shut OFF the 
affected output. If the fault condition is corrected, the output driver will 
return to its normal saturated condition. 


UDN2549B 


Dwg No. A 1! 56°A 


ABSOLUTE MAXIMUM RATINGS 


at T. = 25°C 
Output Voltage. Vojp.--..-.--.--.. GOV 
Over-Current Protected Output Voltage. 
Vet eegaee eee see 25V 
Output Current. logp one 1.0 A* 
Supply Voltage. Vo, 5... 0... ... T.0V 
Input Voltage. V,, Or Vey oo ee 7.0V 
Package Power Dissipation, 
Pipette Sind Ag obike Satiansed cep See Graph 
Operating Temperature Range. 
Aihgh eb a cnh ee pase oot . -20°C to +85 C 
Storage Temperature Range, 
Vealimpe hash ide weed. -55°C to +150°C 


s 


“Outputs are peak current limited at approximately 
1.0 A per drver. See Circuit Description and 
Applications for further information 


PROTECTED 
QUAD POWER DRIVERS 


Providing improved output current limiting, the UDN2549B and 
UDN2549EB quad power drivers combine NAND logic gates and high- 
current bipolar outputs with complete output protection. Each of the 
four outputs will sink 600 mA in the ON state. The outputs have a 
minimum breakdown voltage of 60 V and a sustaining voltage of 40 V. 
The inputs are compatible with TTL and 5 V CMOS logic systems. 


Over-current protection for each channel has been designed into 
these devices and is activated at approximately 1 A. It protects each 
output from short circuits with supply voltages up to 25 V. When an 
output current trip point is reached, that output stage is driven linearly 
resulting in a reduced output current level. If an over-current or short 
circuit condition continues, the thermal limiting circuits will first sense 
the rise in junction temperature and then the rise in chip temperature, 
further decreasing the output current. Under worst-case conditions, the 
UDN2549B/EB will tolerate short-circuits on all outputs, simultaneously. 


These devices can be used to drive various loads including incan- 
descent lamps (without warming or limiting resistors) or inductive loads 
such as relays. solenoids, or dc stepping motors. 


The UDN2549B is a 16-pin power DIP while the UDN2549EB is a 
28-lead power PLCC for surface-mount applications. Both packages 
are of batwing construction to provide for maximum package power 
dissipation. They are rated for continuous operation over the tempera- 
ture range of -20°C to +85°C. Simiiar devices for use in automotive 
applications. or over an extended temperature range, are available as 
the UDQ2549B and UDQ2549EB. 


FEATURES 


600 mA Output Current per Channel 

Independent Over-Current Protection for Each Driver 
Therma! Protection for Device and Each Driver 
Output Voltage to 60 V 

Low Output-Saturation Voltage 

Integral Output Flyback Diodes 

TTL and 5 V CMOS Compatible Inputs 
Pin-Compatible With UDN2543B/EB 


__Part Number. Package — 
UDN2548B 16-Pin DIP 
| UDN2549EB : 28-Lead PLCC 
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2549 , 
PROTECTED QUAD POWER DRIVERS 


FUNCTIONAL BLOCK DIAGRAM 
(1 of 4 Channels) 
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2549 
PROTECTED QUAD POWER DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V,,. = 4.75 V to 5.25 V 


Characteristic 
Output Leakage Current 2 Voyr = 80 V, Vin = 0.8 V, Vi = 2.0 V <i. 0 100 
Voyr = 80 V, V, p= 20 V2 08¥ 


OUT 


Output Sustaining Voltage ; lout = 100 mA, V,,, 


Output Saturation Voltage Oo lour = = 100mA 
lour = - 400 mA 


Igy = 600 mA 


Over-Current Trip 


ENC) = 2.0V 


, or Veni) = 0.8V 


Clamp Diode Forward Voltage .=1.0A 
Clamp Diode Leakage Current V_=60V.D,+D,0r0,+D, 


Typical Data is for design information only. 
* All inputs simultaneously, all other tests are performed with each input tested separately 
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2549 
PROTECTED QUAD POWER DRIVERS 


TYPICAL OUTPUT CIRCUIT DESCRIPTION AND APPLICATION 
CHARACTERISTIC 


INCANDESCENT LAMP DRIVER 


High incandescent iamp turn-ON/in-rush currents can contribute to 
poor lamp reliability and destroy semiconductor lamp drivers. Warming 
or current-limiting resistors protect both driver and lamp but use signifi- 
cant power either when the lamp is OFF or when the lamp is ON, 
respectively. Lamps with steady-state current ratings up to 600 mA can 
be driven by the UDN2549B/EB without the need for warming or 
current-limiting resistors. 


[NoT To SCALE] 


When an incandescent lamp is initially turned ON, the cold filament 
is at minimum resistance and would normally allow a 10x to 12x in-rush 
current. With the UDN2549B/EB drivers, during turn-ON, the high in- 
rush current is sensed by the internal low-value sense resistor. Drive 
current to the output stage is then diverted by the shunting transistor, 
and the load current is momentarily limited to approximately 1.0 A. 
During this short transition period, the output current is reduced to a 
value dependent on supply voltage and filament resistance. During 
lamp warmup, the filament resistance increases to its maximum value, 
the output stage goes into saturation and applies maximum rated 
voltage to the lamp. 


JUNCTION 
TEMP. LIMIT 


OUTPUT VOLTAGE, Voy 


GRADIENT 


THERMAL r lap 
SENSING 


INDUCTIVE LOAD DRIVER 


Bifilar (unipolar) stepper motors, relays, or solenoids can be driven 
See a RHE NE OUT directly. The internal flyback diodes prevent darnage to the output 

Dwg GP O-3 transistors by suppressing the high-voltage spikes which occur when 
turning OFF an inductive load. 


TYPICAL OUTPUT BEHAVIOR ——opaunT CONDITIONS 


in the event of a shorted load, the load current will attempt to 
increase. As described above. the drive current to the affected output 
NORMAE LAMP A -RUSECURRENT stage is reduced. causing the output stage to go linear, limiting the peak 
output current to approximately 1 A. As the power dissipation of that 
output stage increases, a thermal gradient sensing circuit will become 
operational, further decreasing the drive current to the affected output 
stage and reducing the output current to a value dependent on supply 
voltage and joad resistance. 


Continuous or multiple overload conditions causing the chip tem- 
perature to reach approximately 165°C will result in an additional 
reduction in output current to maintain a safe level. 


LAMP CURRENT 


If the fault condition is corrected, the output stage will return to its 
normal saturated condition 


THERMAL GRADIENT 


/ CURRENT LIMIT 
= Lea 


e TIME 
Dwg. WP-008 


SERIES 2580 


UDN2580/85LW 
if a) 


UDN2580/85A 


SU Bi Vee 


Dwg. No. A-14.359 


Note that the UDN2580/85A (dual in-lite pack- 
ages) and UND 2580;85LW (small-outline IC pack- 
ages are electrically identical and share a 
common pin number assignment. 


ee 


8-CHANNEL SOURCE DRIVERS 


This versatile family of integrated circuits will work with many 
combinations of logic- and load-voltage levels, meeting interface 
requirements beyond the capabilities of standard logic buffers. Series 
UDN2580A/LW source drivers can drive incandescent, LED, or vacuum 
fluorescent displays. Internal transient-suppression diodes permit the 
drivers to be used with inductive loads such as relays, solenoids, dc 
and stepping motors. and magnetic print hammers. 


The Type UDN2580A and UDN2580LW are high-current source 
drivers used to switch the ground ends of loads that are directly con- 
nected to a -50 V supply. Selected devices (UDN2580A-1) may be 
operated to -80 V. Typical loads are telephone relays, PIN diodes, 
and LEDs. 


The UDN2585A and UDN2585LW are drivers designed for 
applications requiring low output saturation voltages. Typical loads are 
low-voltage LEDs and incandescent displays. The eight non-Darlington, 
25 V outputs will simultaneously sustain continuous load currents of 
-120 mA at ambient temperatures to +70°C. 


The UDN2588A has separate logic and driver supply lines. Its eight 
drivers can serve as an interface between positive logic (TTL, CMOS, 
PMOS) or negative logic (NMOS) and either negative or split-load 
supplies to -45 V. Selected devices (UDN2588A-1) may be operated 
to -65 V. 


These drivers are packaged in plastic DIPs (suffix A) or surface- 
mountable wide-body SOICs (suffix LW), and are rated for operation 
over the temperature range of -20°C to +85°C. 


FEATURES 


@ TTL, CMOS. PMOS, NMOS Compatible 
@ High Output Current Rating 

M@ Internal Transient Suppression 

@ Efficient Inout/Output Structure 


Always order by complete part number: | UDN2580A/LW |. 
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SERIES 2580 
8-CHANNEL SOURCE DRIVERS 


ABSOLUTE MAXIMUM RATINGS 


at 25°C Free-Air Temperature for any one driver (unless otherwise noted). 


a | UDN2580A/LW UDN2580A-1 UDN2585A/LW UDN2588A UDN2588A-1 


Output Voltage, Vip 50 V 


Supply Voltage, V. (ref. sub.) 
Supply Voltage, Vo, (ref. sub.) 
Input Voltage, V,,, (ref. V.) 
Total Output Current, (I, + ls) 


Substrate Current lou 


Package Power Dissipation, P,, (single output) ©... nett 1.0W 

(total package) sia} etin Mele theo eg Bt gl Mate ida Atenas oe RY, Sates ee See Graph 
Operating Temperature Range, Tyo... renee -20°C to +85°C 
Storage Temperature Range, Ty 2.6.6.6 ees -55°C to +150°C 


on 
25 
ee 
= 1 
Zz | 
z 1 
5 20 ee aoe 
gE | 
a % 
wo %, 
| 
a 4. 
O15 “4 
cc & &, 
Wi Pe 8, 
6 Mp | ty 
be Sq x 
w 1.0 ai * 85% 
< tig 
x 
3 
gt 
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WW 
al 
io) 
< 
= 
ro} . 
a 0 
Z 25 50 75 100 125 150 


AMBIENT TEMPERATURE IN °C 


Dwg. GP-018A 
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SERIES 2580 
8-CHANNEL SOURCE DRIVERS 


For simplification, these devices are characterized on the following 
pages with specific voltages for inputs, logic supply (V.), load supply 
(V,,), and collector supply (V..). Typical use of the UDN2580A/LW and 
UDN2589A-1 is with negative referenced logic. The more common 
application of the UDN2585A/LW, UDN2588A, and UDN2588A-1 is with 
positive referenced logic supplies. In application. the devices are capable 
of operation over a wide range of logic and supply voltage levels: 


TYPICAL OPERATING VOLTAGES 


Vv Vin 


IN(ON} (OFF) 


15 V to -3.6V 0.5 Vto0V ee ee UDN2585A/LW_ 
_UDN2580A/LW 
UDN2580A-1 
OVto+1.4V +4.5 Vto+5V - JDN2585A/LW 


DN2580A/LW 
DN2580A-1 


DN2588A-1 
0V 10 +8.4V 411.5 Vto+12V BV DN2585A/LW 
DN2580A/LW 
DN2580A-1 
DN2588A _ 
DN2588A-1 
OVto +11.4V +145 V to +15 V ___UDN2585A/LW 
DN2580A/LW 
DN2580A-1 
DN2588A 
DN2588A-1 


NOTE: The substrate must be tied to the most negative point 
in the external circuit to maintain solation between drivers 
and to provide for normal circuit cperation. 


SERIES 2580 
8-CHANNEL SOURCE DRIVERS 


UDN2580A, UDN2580LW, AND UDN2580A-1 
ELECTRICAL CHARACTERISTICS at T, = +25°C, V. = OV, V,... =-45.V (unless otherwise noted). 


Applicable 
Devices 


Limits 
Test Conditions 


Characteristic Symbol 
loex 


Output Leakage 
Current 


UDN2580A/LW 


Vy =-0-5V, Vout = Veg =-50V 


Viy=-0.4V, Vout = V_e=-B0V,T, = 70°C 


UDN2580A-1 


= 0-5 V, Voyy = Veg = -80V 


2-0-4 V, Voy = Veg = -80V, Tp = 70°C 


Output Sustaining UDN2580A/LW 


in=0-4V Noy = 25 mA, Note 4 


Voltage UDN2580A-1 


Voesus) 


Output Saturation 
Voltage 


y= 0-4V, Veg =-75V, Igy, =-25 MA, Note 1 
=-2.4V lop =-100MA 
3.0 V, lou =-225mA 


OUT 


Vin = 73-6 V, lay, = 350 MA 


Viy=-3-6V, loy7 = -350mA 


Viy2-18V. Igy = -350MA 


Input Current 


‘Toyy = 500 HA, T, = 70°C, Note 3 


lout =-100mA, Voge <1.8V, Note 4 


loyr = 7225 MA, Vo, 1.9 V, Note 4 
=-350 mA, V... <2.0 V, Note 4 


OUT CEN 


Input Voltage 
(OFF) 


UDN2580A/LW 


loyr = B00 HA, T, = 70°C 


V,_=50V,T, = 70°C 


UDN2580A-1 


Clamp Diode 
Leakage Current 

Clamp Diode Vv 

Forward Voltage 


Vp_=80V,T, = 70°C 


Turn-Off Delay 


Vin 
Input Capacitance ALL 
Turn-On Delay ALL 


NOTES: 


. Pulsed test, ts 300 ps, duty cycle < 2%. 

. Negative current is defined as coming out of the 
specified device pin. 

. The IINOFE: current limit guarantees against partial 
turn-on of the output. 

ThE V on: Voltage limit guarantees a minimum 
output source current per the specified conditions. 


. The substrate must always be tied to the most 
negative point and must be at least 4.0 V below V. 


hw 


a 


bh 


foal 


0.5E,\100.5EQ.) 
0.5E,t00.5E 547 


PARTIAL SCHEMATIC 
"Vs Fa 


ty 
ile 
mea a $ a. mt 
SUB 


Dwg. No. A-11,358 Dwg. No. A-11.359 


SERIES 2580 
8-CHANNEL SOURCE DRIVERS 


UDN2585A AND UDN2585LW 
ELECTRICAL CHARACTERISTICS at T, = +25°C, V, = OV, V_.,. = -20 V (unless otherwise noted) 


Characteristic Test Conditions 


Output Leakage Vin = 70.5 V. Vouy = Veg =-25V — 50 LA 
n 
“ee Viy=-0.4 V, Voy = Veg =-25V, Ty = 70°C 


Viy=-0.4 V, ly, =-25 MA, Note 1 15 — 


iy = 4-6 Vs loyy =-60MA 


Output Sustaining 


Voeisus) 
Voltage 


Output Saturation Vv 


Out > 
Voltage 


CEISAT) 


{nput Current Inco) 


Input Voltage V loyp = 7120 MA, V._ $1.2 V. Note 3 


Vv loyr = 7100 PA, T, = 70°C -0.4 _ 
Clamp Diode V_,=25V,T, =70°C = 50 A 
Leakage Current 
Clamp Diode 1. =120mA _ 2.0 Vv 
Forward Voltage 
0 


NOTES: 1. Pulsed test, t £300 ps, duty cycle < 2%. 
2. Negative current is defined as coming out of the specified device pin. 
3. The Vinions voltage timit guarentees a minimum output source current per the specified conditions. 
4. The substrate must always be tied to the most negative point and must be at least 4.0 V below V.. 


PARTIAL SCHEMATIC 


+V5 


SUBMEE 


Dwg. No. A-11,359 
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SERIES 2580 
8-CHANNEL SOURCE DRIVERS 


UDN2588A AND UDN2588A-1 
ELECTRICAL CHARACTERISTICS at T 
(unless otherwise noted). 


Characteristic Symbol 
loex 


= +25°C, V, = 5.0 V, Vo. = 5.0 V, Vey = -40V 


UDN2588A Viy24-5V. Vour=¥ 


Vw 24.6 V,Voup=V 


Viy24-5V, Vy 
Vy24éV, Vora 


Vin 24.6V,|jyp= 25 SANE 
Vin 24, 6V,Ve-=-70V. lou, =-25 MA, Note 1 


Viy=26V, ie TOMA, Ref. Veg 


=-45V 
er T,=70°C 
-=-75V 
=-75V,T,= 70°C, 


Output Leakage 
Current 


UDN2588A- 1 =V. 


V 


cesus) | UDN2588A 


~ UDN2588A-1 


Output Sustaining 
Voltage 


Output Saturation 
Voltage 


Input Current 


Vin 


=2.0Viloyy 


=-225 mA, Ref. Veg 


Viy= 14 Vi Igy ="350 MA, Ref. Vig 


Vin 


=1.4V, logy 


=-350 mA 


V 


gH l5V,VE 


=0V,1 


-= 30V.Vp V, our = 


-350 mA 


=-500pHA, T, = 70°C, Note 3 


Input Voltage ly 


=-100mA, V,. <1.8V, Note 4 


CEI. 


=-225mA, Vv <1 OV, Note 4 


CES 


<2.0V, Note 4. 


T= /=-350 mA, nee S 


UDN2588A 


on T, = 70°C 


Clamp Diode 
Leakage Current 
~ UDN2588A- 1 


Clamp Diode 
Forward Voltage 


Input Capacitance 


Turn-On Delay 
Turn-Off Delay 


= 80V, Ty =70°C 


SS a 
0.5E,, t00.5E,), 


0. 


SE, t00.5E yr 


NOTES: 1.Pulsed test, t, <300 us, duty cycle < 2%. 


. Negative current is defined as coming out of 
the specified device pin. 

. The lore) current limit guarantees against 
partial turn-on of the output. 

. The Vincon voltage limit guarantees a 
minimum output source current per the 
specified conditions. 

. The substrate must always be tied to the most 
negative point and must be at least 4.0 V 
below V.. 


6. Voc must be more positive than Vo: 


Mm 


wo 


a 


Loa) 


NC 


Ng Voc 
7.2K 
1N 
10K 
7.2K 
out 
SUB 


Dwg. No. A-11,361 


SUB/ V. 
EE 


Dwg. No. A-11,357 
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SERIES 2580 
8-CHANNEL SOURCE DRIVERS 


ALLOWABLE PEAK COLLECTOR CURRENT 
AT 50°C AS A FUNCTION OF DUTY CYCLE 


500 


300 


250 


200} 


8 
NUMBER OF OLTPUTS ™ 
CONDUCTING 
S MULTANEOUS 


15 : t 


100 


ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT 50°C 


EE i 1 
( ‘0 29 36 4S 50 66 76 86 30 100 
PER CENT DUTY CYCLE 


Dwg. No, A-11,1078 


ALLOWABLE PEAK COLLECTOR CURRENT 
AT 70°C AS A FUNCTION OF DUTY CYCLE 


500 —— r - - 
| | | 
450 - + ~ | + 
| | 
i i 
i I t 
400 + +--+ eam + 
i 


RECGMMENCEC MAX:MUM OUTPUT CURRENT 


300 


nN 
a 
° 


n 
i=) 
3 


aes") 


le 
NUMBER GF OUTPUTS | 
150 + CONGUCTING 


SIMULTANEOUSLY 


ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT 70°C 


i 4 
is} 10 29 30 40 50 60 70 80 90 100 
PER CENT OUTY CYCLE 
Dwg. No. A-14,108B 
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SERIES 2580 
8-CHANNEL SOURCE DRIVERS 


TYPICAL APPLICATIONS 


rt 'O OTHER DIGITS 


UDN 25804 -1 


SEGMENT 
SELECT é 


Owg. No. B-1458A, Dwg, No. A-11.356 


COMMON.-CATHODE LED DRIVER TELECOMMUNICATIONS 


RELAY DRIVER 
(Negative Logic) 


UDN2588A -1 


- dy 304 
VEE 
5 4362 wg No. A 11.363 
TELECOMMUNICATIONS RELAY DRIVER VACUUM-FLUORESCENT DISPLAY DRIVER 


(Positive Logic) (Split Supply) 
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UDN23595LW 


UDN2595A 


wg. No. A-11.407 


ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 
for any one driver 
(unless otherwise noted) 


Output Voitage, V., 


(UDN2595A/LW) .. 0... 20V 
(UDN2595A-1)....0..2..00.20.. 40 V 
Supply Voltage, Vo........-. ob oe 2ON 
Input Voltage, Viv... ee eee eee 20 V 
Output Current, |, 2... ee 200 mA 
Ground Terminal Current, layg o- +--+: 1.6A 
Package Power Dissipation, 
Pees cages tom dala ... See Graph 
Operating Temperature Range, 
Vig pecevace bs aceite es -20°C to +85°C 
Storage Temperature Range, 
Neate Be Pe hence ue aaled -55°C to +150°C 


Note that the UDN2595A (dual in-line package) 
and UDN2595LW (small-outline IC package) are 
electrically identical and share a corimon pin 
number assignment. 


8-CHANNEL 
SATURATED SINK DRIVERS 


Developed for use with low-voltage LED and incandescent 
displays requiring low output saturation voltage, the UDN2595A and 
UDN2595LW meet many interface needs, including those exceeding 
the capabilities of standard logic buffers. The eight non-Darlington 
outputs of each driver can continuously and simultaneously sink load 
currents of 100 mA at ambient temperatures of up to +75°C. Selected 
devices (UDN2595A-1) have maximum output ratings of 40 V and 
200 mA per driver. In all other respects, it is identical to the 20 V 
UDN2595A. 


The eight-channe! driver's active-low inputs can be driven directly 
from TTL, Schottky TTL, DTL, 5 to 16 V CMOS, and NMOS logic. All 
input connections are on one side of the package, output connections 
on the other, for simplified printed wiring board layouts. 


These drivers are packaged in plastic DIPs (suffix A) or surface- 
mountable wide-body SOICs (suffix LW), and are rated for operation 
over the temperature range of -20°C to +85°C. A hermetically sealed 
version for operation over the full military temperature range is also 
available. 


FEATURES 


@ 200 mA Current Rating 
@ Low Saturation Voltage 
@ TTL, CMOS, NMOS Compatible 
M@ Efficient Input/Output Pin Format 
@ DIP or SOIC Packaging 


Always order by compiete part number: 
Part Number Package 
UDN2595A 


18-Pin DIP 
UDN2595LW . 18-Lead Wide-Body SOIC 


2595 
8-CHANNEL SATURATED SINK DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vo = 5.0 V (unless otherwise noted). 


Limits 
Characteristic iti 


Output Leakage Vin 24-5 Vs Vous = 20 VW". T, = 25°C 
Current Vi> 30" a 
in 2 4-6 V, Voy = 20 V", Ty = 70°C 
Output Saturation Viy = 0.4 V, Igyp = 50 mA 
wong? Viy = 0.4 V, Loy = 100 MA 
Input Current Ving =0.4V, lour =100mA 


Viy = 0.4-V, Igyz = 100 MA, Ve = 15 V 


Input Voltage NI our = 100 mA, Vout 5 9-6 V 
yt = 100 BA, Ty = 70°C 


Input Capacitance 
Supply Current = 0.4V, Igy, = 100 mA 


ae V, Igyt = 100 MA, V, = 15 V 


*Vour = 40 V for UDN25954-1. 


NOTES: 1. Negative current is defined as coming out of the specified device pin. 


2. The Virion Voltage limit guarantees a minimum output sink current per the specified conditions. 


3. I, is measured with any one of eight drivers turned ON. 


ny 
wo 


ONE OF EIGHT DRIVERS 


Nn 
o 


0.5 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


25 50 75 100 125 150 
AMBIENT TEMPERATURE IN °C 
Dwg, No. A-11,408 Dwg, GP-018A 


3-38 


2396 anv 


Dwg. No. W- ‘52 


ABSOLUTE MAXIMUM RATINGS 
at T, = + 25°C 


OutputVoitage, Vag... eee eee 50V 
Output Current, lo. 4 

(UDN2596A) ... 0.200.000 0 6 500 mA 

(UDN2597A) ... 0... eee 10A 
Supply Voitage, Veg... -.. 2-2. es 7.0V 
Input Voltage, Vive... eee eee 7.0V 
Package Power Dissipation, 

Powe eee ener eee eee ees 2.27 W* 
Operating Temperature Range, 

Ty teen eee -20°C to + 85°C 


Storage Temperature Range, 
Ld utine bet wot PCRs 2G -65°C to + 150°C 


29597 


SATURATED SINK DRIVERS 


Low output saturation voltages at high load currents are provided by 
UDN2596A and UDN2597A sink driver ICs. These devices can be used 
as interface buffers between standard low-power digital logic (particularly 
MOS) and high-power loads such as relays, solenoids, stepping motors, 
and LED or incandescent displays. The eight saturated sink drivers in 
each device feature high-voltage, high-current open-collector outputs. 
Transient suppression clamp diodes and a minimum 35 V output sustain- 
ing voltage allow their use with many inductive loads. 


The saturated (non-Darlington) NPN outputs provide low collector- 
emitter voltage drops as well as improved turn-off times due to an active 
pull-down function within the output predrive section. The UDN2596A is 
for use with output loads to 500 mA while the UDN2597A is for use with 
loads to 1 A. Adjacent outputs may be paralleled for higher load currents. 


Inputs require very low input current and are activated by a low logic 
level consistent with the much greater sinking capability associated with 
NMOS, CMOS. and TTL logic. The UDN2596A and UDN2597A are rated 
for use with 5 V logic levels. 


Both devices are furnished in 20-pin DIP packages with copper 
leadframes for improved thermal characteristics. 


FEATURES 


@ Low Output ON Voltages 

@ Up to 1.0 A Sink Capability 

@ 50 V Min. Outout Breakdown 

@ Output Transient-Suppression Diodes 
Output Pull-Down for Fast Turn-Off 

@ TTL, CMOS Compatible (nputs 


ONE OF EIGHT DRIVERS 


Dwg. No. W-101 
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2596 AND 2597 
8-CHANNEL SATURATED SINK DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = + 25°C, V...= 5.0 V 


Applicable 
Characteristics Devices Test Conditions 


Output Leakage Current out = 90 V, Vy = 2.4 Vv 


Output Sustaining Voltage UDN2596A = 300 mA, L=2mH 


Voeisus) 


UDN2597A - 750 mA,L=2mH 


Output Saturation Voltage UDN2596A lout = 300 mA 


CEISAT) 


UDN2597A out = 750 mA 


Clamp Diode Leakage Current V,=50V 


Clamp Diode Forward Voltage UDN2596A |. = 300 mA 


UDN2597A I. = 750 mA 


Logic Input Current Viy = O.8V 


Viy = 2.4 


Supply Current (per driver) SeIOKs UDN2596A 


UDN2597A 


seen Both 


Turn-On Delay Both 0.5, to 0.5 E, 


TYPICAL APPLICATION RECOMMENDED 
DUAL STEPPER MOTOR DRIVE OPERATING CONDITIONS 


Type Number Logic 


UDN2596A 5.0 V 


UDN2597A 5.0 V 


Note: Pins 2 and 12 must both be connected to 
power ground. 


Dwg. No. WW 102A 
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2878 anv 


2879 


'g 


'9 


?q @1y 22 OND 


Sa &g 


vq dD vty £5 


ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 
for any driver 
(unless otherwise noted) 


Output Voltage, Vary 


(UDN2878W 

& UDN2878W-2) 11... 00.00.06. 50 V 

(UDN2879W 

& UDN2879W-2) ........0-.0-. 80 V 
Output Current. |, 

(UDN2878W 

BS UDNZE POW) elec cea qeitey 5.0A 

(UDN2878W-2 

& UDN2979W-2).........0.0-. 4.0A 
Input Voltage, Vive. eee 15V 
Input Current, ln saeeis Se tinh areanis 25 mA 
Supply Voltage, Vo... 2... eee. 10 V 
Total Package Power Dissipation, 

Py bee aie tease eee as See Graph 
Operating Ambient Temperature Range, 

T -20°C to +85°C 


Storage Temperature Range, 
Ging tinned Ged aac -55°C to +150°C 


QUAD HIGH-CURRENT 
DARLINGTON SWITCHES 


These quad Darlington arrays are designed to serve as interface 
between low-level logic and peripheral power devices such as sole- 
noids, motors, incandescent displays, heaters, and similar loads of up 
to 320 W per channel. Both integrated circuits include transient- 
suppression diodes that enable use with inductive loads. The input 
logic is compatible with most TTL, DTL, LSTTL, and 5 V CMOS logic. 


Type UDN2878W and UDN2879W 4 A arrays are identical except 
for output-voltage ratings. The former is rated for operation to 50 V 
(35 V sustaining). while the latter has a minimum output breakdown 
rating of 80 V (50 V sustaining). The economical UODN2878W-2 and 
UDN2879W-2 are recommended for applications requiring toad cur- 
rents of 3 A or jess. These less expensive devices are identical to the 
basic parts except for the maximum allowable load-current rating. 


For maximum power-handling capability, all drivers are supplied in 
a 12-pin single in-line power-tab package. The tab needs no insulation. 
External heat sinks are usually required for proper operation of these 
devices. 


FEATURES 


Output Currents to 4A 

Output Voltages to 80 V 

Loads to 1280 W 

TTL, DTL, or CMOS Compatible Inputs 
Internal Clamp Diodes 

Plastic Single In-Line Package 
Heat-Sink Tab 


Always order by complete part number: 


[ Part Numbers Max. |, Max. Voex 
_ UDN2878W 5.0A | 50V__ 

UDN2878W-2 4.0A 50V 
LUDN2B79W SOA | 80 
| UDN2879W-2 4.0A 80 V 
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2878 AND 2879 
QUAD HIGH-CURRENT DARLINGT: 


o 


3.0°CAW HEAT SINK 
Resa = 5-0 CW 


AW HEAT SINK 
R 


a= CM 


25 50 75 100 125 150 


TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


PARTIAL SCHEMATIC 
One of 4 Drivers 


Vs TAB 


uf 


900:2 SUB 


Owg. No. A-12,037 


NOTE: Pin 3 must be connected to ground for proper operation 


Output Sustaining Output 

Device Voltage Voltage Current 
UDN2878W 50 V 35 V 4A 
UDN2878W-2 50 V 35 V 3A 
UDN2879W 80 V 50 V 4A 
UDN2879W-2 80 V 50 V 3A 
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2878 AND 2879 | 
QUAD HIGH-CURRENT DARLINGTON SWITCHES 


ELECTRICAL CHARACTERISTICS at Vv, 


5.0 V, T, = +25°C (unless otherwise noted). 


Test Applicable Limits 
Characteristic Symbol | Fig. Devices Test Conditions Min Units 
Output Leakage Current leex 1 UDN2878W/W-2 Veg = 50 V _ HA 
Vee =50V,T, 2 170 a a 
- UDNeB79W/W-2 | V..=80V ian uA 
Veg = 80V.T,= 4700 | — WA 
Output Sustaining Veeisus) _ UDN2878W cz 4A. L=10mH 35 Vv 
ee | UDN2e78w-2 | 1,=3A.L=10mH 35 V 
UDN2879W c= 4A L=10mH- 50 Vv 
~ uDNee79W-2 | 1.=3A L=10mH- 50 = Vv 
Collector-Emitter Vee-gar 2 All ¢ = 900 MA. V = 2.75 V foe me Vv 
Saturation Voltage c=1OAV.=275V | — 13 Vv 
p= 20 A.V, =275V — 45 | Vv 
beSOAV sera of ag | y” 
‘UDN2878/79W | ig = 4.0, Vy, = 2.75 V = cae ee 
Input Current re 3 A [ies uA 
3.75 \ . WA 
Input Voltage VON A Vor = 22V.1,=30A 
UDN2878/79W | Vi. =2.2V,1,-4.0A 
Supply Current per Driver le A |, = 500 mA. V, = 2.75 V 
Turn-On Delay i oaa 0.5€,t00.5E,, | — 
Turn-Off Delay toa 
Clamp Diode I, V.=50V 
Leakage Current ; Ves 50V, TA= 4700 
| UpNee7oww-2 | V,-80V 
V_=80V,T=470°C 
Clamp Diode Vv, 6 All pA 
Peale aliage UDNeB7B/79W | 1, =4.0A V 


Caution: High-current tests are pulse tests or require heat sinking. 


2878 AND 2879 
QUAD HIGH-CURRENT DARLINGTON SWITCHES 


TEST FIGURES 


OPEN VCE CPEN CPEN 


¥ ae ——9 OPEN 
NC i es) 
— id Yin = 
vy Vv 
Dwg No. A-9729A | ce Dwg. No. A 9732 


Owg No. A 10.350 


| 
q 


FIGURE 1 FIGURE 2 FIGURE 3 


ie 
4 Dwg No. A-9735A Dwg. No. A-9736 


9 ° 
| 
i 
| 
i 
4 


Dwg. No. A-9734A 


FIGURE 4 FIGURE 5 FIGURE 6 


Vs OPEN 


FIGURE 7 
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2878 AND 2879 
QUAD HIGH-CURRENT DARLINGTON SWITCHES 


TYPICAL APPLICATIONS 
STEPPER-MOTOR DRIVER 


UDN2878W 


INPUT WAVEFORMS 


| 


| 


+28V 
Dwg. Ne. A E Dwg. No. A 11,975 
DIGIT DRIVER 
PRINT-HAMMER DRIVER FOR MULTIPLEXED INCANDESCENT LAMP DISPLAY 


UDN2879W 
UDN28798W - 


O00 0 
IN2 IN3s +5V 


~ 


TO T | OTHER 
SEGMENT ~* + + DIGITS 
SELECT : | : 

ee ee 
cee 


Dwg. No, B-1512 
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DUAL FULL-BRIDGE 
PWM MOTOR DRIVERS 


The UDN2916B and UDN2916EB motor drivers are designed to 
UDN2916B drive both windings of a bipolar stepper motor or bidirectionally control 
two de motors. Both bridges are capable of sustaining 45 V and include 
LOAD:SURPEY internal pulse-width modulation (PWM) control of the output current to 
750 mA. The outputs have been optimized for a low output saturation 
Es voltage drop (less than 1.8 V total source plus sink at 500 mA). 

SENSE 2 a OUT For PWM current control, the maximum output current is deter- 
mined by the user's selection of a reference voltage and sensing 
resistor. Two logic-level inputs select output current limits of 0, 33, 
CRORND CROUND 67, or 100% of the maximum level. A phase input to each bridge 
GROUND GROUND determines load current direction. 


OUTes Ge Ts 


Tn The bridges include both ground clamp and flyback diodes for 


PHASE, protection against inductive transients. Internally generated delays 
prevent cross-over currents when switching current direction. Special 
power-up sequencing is not required. Thermal protection circuitry 


disables the outputs if the chip temperature exceeds safe operating 
LOGIC SUPPLY limits. 


Vrera 


RC4 


The UDN2916B is supplied in a 24-pin dual in-line plastic batwing 
package with a copper lead-frame and heat sinkable tabs for improved 
power dissipation capabilities. The UDN2916EB !s supplied in a 
44-lead power PLCC for surface mount applications. Its batwing 
construction provides for maximum package power dissipation in the 
smallest possible construction. 


FEATURES 


750 mA Continuous Output Current 
45 V Output Sustaining Voltage 
Internal Clamp Diodes 

Internal PWM Current Control 

Low Output Saturation Voltage 
Internal Thermal Shutdown Circuitry 
Similar to Dual PBL3717, UC3770 


Dwg. PP-005 


ABSOLUTE MAXIMUM RATINGS 
at T,< 150°C 


Motor Supply Voltage, V.,, 

Output Current, | 
(Peak, t, <20 us) .........-.. +1.0A 
(Continuous) ..........-... +750 mA 

Logic Supply Voltage, Vg 

Logic Input Voltage Range, 


OUT 


See Graph 
Operating Temperature Range, 
Uy -20°C to +85°C 
Storage Temperature Range, 


Ns Licha bu aes aaah -55°C to +150°C 


Output current rating may be limited by duty Always order by complete part number: 
cycle, ambient temperature, and heat sinking. 2 ce Maes, : 


Under any set of conditions, do not exceed the Part Number Package 
specified peak current rating or a junction 


temperature of +150°C. UDN2916B 14-PinDIP | 
UDN2916EB | 44-Lead PLCC | 
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2916 
DUAL FULL-BRIDGE PWM MOTOR DRIVERS 


UDN2916EB 


‘ Roun = 30°C 


GROUNLC i317 


soars a 2 J 
[yp 
1a} % : é - 

ae Sr 
I 


SUFFix 'g: 
oR aya = 40°CW 


0} 
25 50 75 100 125 150 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


OUT 24 


$ Dwg. PP.0C8 Dwg. GP-005 


PWM CURRENT-CONTROL CIRCUITRY 


e" 
‘B’ PACKAGE, 
CHANNEL 1 
PIN NUMBERS OUTs 
SHOWN. TOT. 


SOURCE 
DISABLE 


Dwg. EP-007 


2916 
DUAL FULL-BRIDGE PWM MOTOR DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, T, < 150°C, V,, = 45 V, V.,, = 4.75 V to 


5.25 V, Nowe = 5.0 V (unless otherwise noted). 


Characteristic Test Conditions 


Output Drivers (OUT, or OUT,) 


MotorSupply Range 


Output Leakage Current 


Output Sustaining Voltage loyy = £750 MA, L = 3.0 mH 


Output Saturation Voltage VoeisaT) Sink Driver, |,,= +500 mA 
Sink Driver, |,,,, = +750 mA 
Source Driver, ler = 500 mA 
7 Source Driver, tis = -750 mA 7 


Clamp Diode Leakage Current ie ates =| V,=45V saa <i. 
Clamp Diode Forward Voltage le Mee 1. = 750 mA — 


Both Bridges ON, No Load 


CE( 
Ve 
| 
(ON) 


Driver Supply Current 


Both Bridges OFF 


Control Logic 

Input Voltage Vv All inputs 
Vv Tait inputs 

Input Current 


Reference Voltage Range 


Current Limit Threshold ,=1,=08 Vv 
(at trip point) 


)=2.4V,1,=08V 


|,=0.8V,1,=24V 


Thermal Shutdown Temperature 


Total Logic Supply Current 
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2916 
DUAL FULL-BRIDGE PWM MOTOR DRIVERS 


APPLICATIONS INFORMATION 


PWM CURRENT CONTROL: 


The UDN2916B/EB dual bridges are 
designed to drive both windings of a bipolar 
stepper motor. Output curreat is sensed and 
controlled independently in each bridge by Veriase | 
an external sense resistor (R,), internal 
comparator, and monostable multivibrator. 


PWM OUTPUT CURRENT WAVE FORM 


When the bridge is turned ON, current 
increases in the motor winding and it is 
sensed by the external sense resistor until 


the sense voltage (V.....,) reaches the level 
set at the comparator’s input: 
Leip = Veer! 1 0 Rs 
The comparator then triggers the CROSSOVER 
monostable which turns OFF the source CURRENT SELAY 


driver of the bridge. The actual load current 
peak will be slightly higher than the trip point 
(especially for low-inductance loads) be- Dwg. WM-003-1 
cause of the internal logic and switching 
delays. This delay (t,) is typically 2 us. After 
turn-off, the motor current decays, circulating 
through the ground-clamp diode and sink LOAD CURRENT PATHS 
transistor. The source driver's OFF time 
(and therefore the magnitude of the current Vee 
decrease) is determined by the monostable’s 
external RC timing components, where 

t.., = R,C, within the range of 20 kQ to 

100 KQ and 100 pF to 1,000 pF. 


When the source driver is re-enabled. 
the winding current (the sense voltage) is 
again allowed to rise to the comparator’s 
threshold. This cycle repeats itself, maintain- 
ing the average motor winding current at the 
desired level. 


Special circuitry has been included to 
prevent runaway current control when the RSeNsE 
fixed OFF time (t,,) is set too short. This 
circuitry prevents the source driver from 
being re-enabled until the load current has Dugeer:008-1 
decayed to below the I... level. 


i) 

| BRIDGE ON) —————~ 
' SOURCE OFF 

yy ALL OFF 


TRIP 
further delay the action of the comparator. Depending on load type, 


many applications will not require these external components (SENSE 
connected to E). 


Loads with high distributed capaci- 
tances may result in high turn-ON current 
peaks. This peak (appearing across R.) 
will attempt to trip the comparator, resulting 


: : LOGIC CONTROL OF OUTPUT CURRENT: 
in erroneous current control or high-fre- 


quency oscillations. An internal low-pass Two logic level inputs (|, and |,) allow digital selection of the motor 
filter is used to reduce this undesirable winding current at 100%, 67%, 33%, or 0% of the maximum level per 
effect for turn-ON spikes of less than 1.5 us. the table. The 0% output current condition turns OFF all drivers in the 


An external RC, time delay can be used to bridge and can be used as an OUTPUT ENABLE function. 
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2916 
DUAL FULL-BRIDGE PWM MOTOR DRIVERS 


CURRENT-CONTROL TRUTH TABLE 
Output Current 


TYPICAL APPLICATION 


Vier! 10 Rg = Lap 


Vper/15 Rg = 2/3 1 
Vaer/30 Rg = 1/31 
0 


TRIP 


TRIP 


These logic level inputs greatly enhance the implementation of 
uP-controlled drive formats. 


During half-step operations, the |, and |, allow the uP to control 
the motor at a constant torque between all positions in an eight-step 
sequence. This is accomplished by digitally selecting 100% drive 
current when only one phase is ON and 67% drive current when two 
phases are ON. Logic highs on both |, and |, turn OFF all drivers to 
allow rapid current decay when switching phases. This helps to ensure 
proper motor operation at high step rates. 


PWM 2 
ead) 


Dwg. EP-008A 


The logic control inputs can also be used to select a reduced 
current level (and reduced power dissipation) for ‘hold’ conditions and/ 
or increased current (and available torque) for start-up conditions. 


GENERAL: 


To avoid excessive voltage spikes on the LOAD SUPPLY pin 
(Vg), a large-value capacitor (222 \.F) should be connected from V.,, 
to ground as close as possible to the device. Under no circumstances 
should the voltage at LOAD SUPPLY exceed 45 V. 


The PHASE input to each bridge determines the direction motor 
winding current flows. An internally generated deadtime (approximately 
2 us) prevents crossover currents that can occur when switching the 
PHASE input. 


All four drivers in the bridge output can be turned OFF between 
steps (I, = 1,2 2.4 V) resulting in a fast current decay through the 
internal output clamp and flyback diodes. The fast current decay is 
desirable in half-step and high-speed applications. The PHASE, I,, 
and I, inputs float high. 


Varying the reference voltage (V,,,) provides continuous control 
of the peak load current for micro-stepping applications. 


Thermal protection circuitry turns OFF all drivers when the junc- 
tion temperature reaches +170°C. It is only intended to protect the 
device from failures due to excessive junction temperature and should 
not imply that output short circuits are permitted. The output drivers are 
re-enabled when the junction temperature cools to +145°C. 


The UDN2916B/EB output drivers are optimized for low output 
saturation voltages—less than 1.8 V total (source plus sink) at 500 mA. 
Under normal operating conditions, when combined with the excellent 
thermal properties of the batwing package design, this allows continu- 
ous operation of both bridges simultaneously at 500 mA. 


ABSOLUTE MAXIMUM RATINGS 
at T, <+150°C 


Motor Supply Voltage, Vjg...-. 050.60. 45 V 
Output Current. lour (ty, S20 Ms)... =1.75 A 

(Continuous). .......... 0.0... +1.5A 
Logic Supply Voltage. Vi, .....- .... 7.0V 
Logic Input Voltage Range, 

Min ses uptehttdnl ads ealyraaastl® -0.3V to +7.0V 
Output Emitter Voltage. Ve... 2.2... TSV 
Package Power Dissipation, 

Pes ones dels Gate ace acyl ins .... See Graph 
Operating Temperature Range. 

Tiksavtses anpeamaetennat 2 4 -20°C to +85°C 
Storage Temperature Range. 

Tea. tidifhinfeiadeads Ratest. tan 8 -55°C to +150°C 


Output current rating may be limited by duty cycle. 
ambient temperature, and heat sinking. Under any 
set of conditions, do not exceed the specified peak 
current rating or a junction temperature of +150°C 


DUAL FULL-BRIDGE 
PWM MOTOR DRIVER 


The UDN2917E8 motor driver is designed to drive both windings 
of a bipolar stepper motor or bidirectionally contro! two de motors. Both 
bridges are capable of sustaining 45 V and include internal pulse-width 
modulation (PWM) control of the output current to 1.5 A. 


For PWM current control. the maximum output current is determined 
by the user's selection of a reference voltage and sensing resistor. Two 
logic-level inputs select output current limits of 0, 33%, 67%, or 100% of 
the maximum level. A PHASE input to each bridge determines load 
current direction. Active-low ENABLE inputs control the four drivers in 
each bridge. 


The bridges include both ground clamp and flyback diodes for 
protection against inductive transients. Internally generated delays 
prevent cross-over currents when switching current direction. Special 
power-up sequencing |s not required. Thermal protection circuitry 
disables the outputs if the chip temperature exceeds safe operating limits. 


The UDN2917EB is supplied in a 44-lead power PLCC for surface- 
mount applications. Its batwing construction provides for maximum 
package power dissipation in the smallest possible construction. 


FEATURES 


1.5 A Continuous Output Current 
45 V Output Sustaining Voltage 
Internal Clamp Diodes 

Digital Contro! of Output Current 
Internal Thermal Shutdown Circuitry 
Similar to Dual PBL3770 


Always order by complete part number: (UDN2917EB. : 


2917 
DUAL FULL-BRIDGE PWM MOTOR DRIVER 


PWM CURRENT-CONTROL CIRCUITRY 


CHANNEL 1 
PIN NUMBERS 
SHOWN 


SOURCE 


Owg EP-007-2 


ny 
a 


TRUTH TABLE 


Enable Phase 


75 


X = Don't care 
Z = High impedance 


5.0 


° 
N 
a 


50 75 100 125 159 
TEMPERATURE IN C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


Dwg. GP-220A 


2917 
DUAL FULL-BRIDGE PWM MOTOR DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, T, < +150°C, Viap = 4° Vs Voc = 4-75 V to 


j= 
5.25 V,V 
Characteristic Test Conditions Min. Typ. Max. | units _| 


Output Drivers (OUT, or OUT.) 


rer = 2OV (unless otherwise noted). 


Motor Supply Range 


Output Leakage Current 


Output Sustaining Voltage Vv lout = £15 A. L = 3.5 mH 


Output Saturation Voltage Sink Driver, |, =+1.0A 


Sink Driver, Jour = +15 A 


Source Driver, |,.~=-1.0A 


Source Driver. |, )-=-1.5A 


Clamp Diode Leakage Current 
Clamp Diode Forward Voltage 


Driver Supply Current 


Control Logic 


Input Voltage 


Input Current 


Reference Voltage Range 


Current Limit Threshold j=l, =08V 
(at trip point) B at 


p= 2-4V,1=0.8V 


I= 0.8V,1,=2.4V 


Thermal Shutdown Temp. 


Total Logic Supply Current ECION: 


CC(OFF} |,=2.4 V. No Load 


Negative current is defined as coming out of (sourcing) the specified device pin. 
Typical Data is for design information only. 


2917 
DUAL FULL-BRIDGE PWM MOTOR DRIVER 


APPLICATIONS INFORMATION 


PWM CURRENT CONTROL: 


The UDN2917EB dual bridge is designed 
to drive both windings of a bipolar stepper 
motor. Output current is sensed and con- 
trolled independently in each bridge by an 
external sense resistor (R,), internal com- 
parator, and monostable multivibrator. 


When the bridge is turned ON, current 
increases in the motor winding and it is 
sensed by the external sense resistor until the 
sense voltage (V.....,) reaches the level set at 
the comparator’s input: 


leip = Vaer/10 Re 


The comparator then triggers the mon- 
ostable which turns OFF the source driver of 
the bridge. The actual load current peak will 
be slightly higher than the trip point (especially 
for low-inductance loads) because of the 
internal logic and switching delays. This delay 
(t,) is typically 2 us. After turn-off, the motor 
current decays, circulating through the ground 
clamp diode and sink transistor. The source 
driver’s OFF time (and therefore the magni- 
tude of the current decrease) is determined by 
the monostable’s external RC timing compo- 
nents, where t,,, = R,C, within the range of 
20 kQ to 100 kQ and 200 pF to 500 pF. 


TRIP ~ 


When the source driver is re-enabled, the 
winding current (the sense voltage) is again 
allowed to rise to the comparator’s threshold. 
This cycle repeats itself, maintaining the 
average motor winding current at the desired 
level. 


Special circuitry has been included to 
prevent runaway current control when the 
fixed OFF time (t,,,) is set too short. This 
circuitry prevents the source driver from being 
re-enabled until the load current has decayed 


to below the |... level. 


Loads with high distributed capacitances 
may result in high turn-ON current peaks. 
This peak (appearing across R,) will attempt 
to trip the comparator, resulting in erroneous 
current control or high-frequency oscillations. 
An external RC, low-pass filter may be 
needed to delay the action of the comparator. 
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PWM OUTPUT CURRENT WAVEFORM 


CROSSOVER ~~ 
CURRENT DELAY 


Dwg. WM-003-1 


LOAD CURRENT PATHS 


f 
| 
! BRIDGE ON 
Rss SOURCE OFF ------ 
yy ALL OFF 


Dwg. EP-006-1 


2917 
DUAL FULL-BRIDGE PWM MOTOR DRIVER 


CURRENT-CONTROL 
TRUTH TABLE 


Output Current 


Voge! 10 Ry = | 


TRI 


Vaee/15 R, = 2/3 | 


V 


HEF 


/30 R, = 1/3 | 
0 


Pp 


TRIP 


TRIP 


LOGIC CONTROL OF OUTPUT CURRENT: 


Two logic level inputs (1, and |,) allow digital selection of the motor 
winding current at 100%, 67%, 33%, or 0% of the maximum level per 
the table. The 0% output current condition turns OFF all drivers in the 
bridge and can be used as an output enable function. These logic level 
inputs greatly enhance the implementation of uP-controlled drive 
formats. 


During haif-step operations, the |, and |, inputs allow the uP to 
control the motor at a constant torque between all positions in an eight- 
step sequence. This is accomplished by digitally selecting 100% drive 
current when only one phase is ON and 67% drive current when two 
phases are ON. 


The logic control inputs can also be used to select a reduced 
current level (and reduced power dissipation) for ‘hold’ conditions and/ 
or increased current (and available torque) for start-up conditions. 


GENERAL: 


To avoid excessive voltage spikes on the LOAD SUPPLY pin (V, 
a large-value capacitor (247 uF) should be connected from V,,, to 
ground as close as possible to the device. Under no circumstances 
should the voltage at LOAD SUPPLY exceed 45 V. 


ee) 


The PHASE input to each bridge determines the direction motor 
winding current flows. An internally generated deadtime (approximately 
2 |s) prevents crossover currents that can occur when switching the 
PHASE input. 


All four drivers in the bridge output can be turned OFF (V,,, > 2.4 V 
orl, =1, 2 2.4 V), resulting in a fast current decay through the internal 
output clamp and flyback diodes. The fast current decay is desirable in 
half-step and high-speed applications. All logic inputs float high; the 
ENABLE input must be tied low if it is not used. 


Varying the reference voltage (V,,,.) provides continuous control of 
the peak load current for micro-stepping applications. 


Thermal protection circuitry turns OFF all drivers when the junction 
temperature reaches +170°C. It is only intended to protect the device 
from failures due to excessive junction temperature and should not 
imply that output short circuits are permitted. The output drivers are 
re-enabled when the junction temperature cools to +145°C. 


2935 anv 


2950 


BIPOLAR HALF-BRIDGE 
MOTOR DRIVERS 


Both Type UDN2935Z and UDN2950Z integrated circuits are 
UDN2935Z designed for servo-motor applications using pulse-width modulation. 
These two high-current, monolithic half-bridge motor drivers combine 
a sink-and-source driver with diode transient protection, input gain, 
level shifting, logic stages, and a voltage regulator for single-supply 
operation. 


The UDN2935Z output goes high with an active low input at pin 2; 
itis especially desirable in NMOS microprocessor applications. The 
UDN2950Z output goes high with an active high input at pin 2; its inputs 
can be tied together for single-wire control. The input circuitry of both 
devices is compatible with TTL and low-voltage CMOS, PMOS, and 
NMOS logic. Both ICs have logic lockout (tri-state output) that prevents 
source and sink drivers from turning ON simultaneously. 


PST O 


In typical applications, the chopper-drive mode is characterized by 
low power-dissipation levels, low saturaticn voltages, and short chop- 
per-storage times for the sink drivers. The motor drivers can be used in 
pairs for full-bridge operation, or as triplets in three-phase brushless d-c 
motor-drive applications. They can also be teamed with stepper motor 
translator/drivers for bipolar d-c stepper motor control. 


w 


+¥5 
GROUND 
OUTPUT 


The motor drivers’ single-chip construction and power-tab TO-220 
package enable cost-effective and reliable system designs supported 
by excellent power-dissipation ratings, minimum size, and ease of 
installation; because the package’s heat tab is at ground potential, 
several devices can share a common heat sink without insulating 
hardware. 


FEATURES 


3.5 A Peak Output 

37 V Minimum Output Breakdown 

Output Transient Protection 

Tri-State Outputs 

TTL, CMOS, PMOS, NMOS Compatible Inputs 
Internal Thermal Shutdown 

High-Speed Chopper (to 100 kHz) 

UDN2935Z Replaces SG3635P 

UDN2950Z Replaces UDN2949Z, SN75605 
TO-220 Style Packages 


SOURCE iNPUT [8 


Dwg. No, A-12,116 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Range, 
V5 8.0 V to 35 V 
Input Voltage Range, 


-0.3 V to +7.0 V 
Peak Output Current (100 ms, 10% d-c), 
| 
Ol 
Continuous Output Current, 
iggp tia t waht creeeeen te 220K 
Package Power Dissipation, 


See Graph 
Operating Temperature Range, 
-20°C to +85°C 
Storage Temperature Range, 


-55°C to +150°C ee 
Always order by complete part number, €.g.. (UDN2935Z |. 


See Truth Table. 


2935 AND 2950 
BIPOLAR HALF-BRIDGE MOTOR DRIVERS 


FUNCTIONAL BLOCK DIAGRAMS 


UDN2935Z UDN2950Z 


SOURCE hq 
INPUT @& 


2.1V 


® GROUND 


Dwg. No. A-12.113 Dwg. No. 12,412 


UDN2950Z 


nm 
on 


nN 
=) 


a 
uo 


— 
Oo 


aad: AIR, Rosa = 40°CAW 


; (OR aes coe 


+¥5 
GROUND 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


OUTPUT 


SINK INPUT [oa 


SOURCE INPUT [RU] 
o 


TEMPERATURE IN °C 


Dwg. No. A-11.177 Dwg. GP-014 
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2935 AND 2950 
BIPOLAR HALF-BRIDGE MOTOR DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Ty < +150°C, ¥o = 35V 
(unless otherwise noted). j 


Source Driver tnput, Pin 2 Sink Driver Limits 
Characteristic UDN2935Z UDN2950Z | Input, Pin 5 


Output Leakage Current 


Output Sustaining Voltage Fig. 1 


Output Saturation Voltage : -2.0 A = 


Output Source Current 


Output Sink Current ' ‘ 
Input Open-Circuit Voltage - 


O8teo24V 
24V 


NOTE: Positive (negative) current is defined as going into (coming out of} the specified device pin. 


TRUTH TABLE 


Source Sink Output, Pin 4 


Driver, Driver, 
Pin 2 Pin5 UDN2935Z UDN2950Z 


Low High 
High High 


Low Low 


High High Z 
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2935 AND 2950 
BIPOLAR HALF-BRIDGE MOTOR DRIVERS 


TEST FIGURE 1 


Dwg. No. A 72.477 


TEST FIGURE 2 


Dwg. No. A-12,118 


APPLICATION NOTES 


It should be noted that an additional power dissipation component 
may arise from crossover currents flowing from supply to ground when 
current direction through the load is reversed. This is due to differences 
in the switching speeds between the source and sink drivers. Although 
the internal logic lockout protects these devices from catastrophic 
failure, the crossover power component can cause device operation at 
substantially higher junction temperatures. 


lf timing conditions are ignored, the magnitude of this power can be 
approximated as: 


Po= Vax Igxtxf 
where V, = supply voltage, 
{. = crossover current (= 3.5 A max.) 
= crossover current duration (=1 us) 
f = frequency of direction change 


In some applications (high switching speeds or high package power 
dissipation), it is recommended that the inputs be driven separately, 
and that the sink driver not be turned ON for at least 2 us (maximum 
source t,,) after the source driver input is turned OFF. The sink driver 
should be turned OFF at ieast 750 ns (maximum sink t,,,) before the 
source driver is turned ON. 


RECOMMENDED TIMING CONDITIONS 
(UDN2950Z Shown) 


DIRECTION 
Vo —— 


—ol le > 750 ns + fe > 750 ns 
—| be > 2us 


- > 2 us 


come HUNT 


a cata eae 


Dwg. No. A-12,120 


SOUR CE 
INPUT. Vo 


SINK {ous =| 750 ns 


Dwg. No. A-12,119 
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2935 AND 2950 
BIPOLAR HALF-BRIDGE MOTOR DRIVERS 


TYPICAL APPLICATIONS 


3-PHASE BRUSHLESS D-C MOTOR DRIVE 


UON2950Z UDN2950Z2 UDN2950Z 


Dwg. No. A-12.653 


SINGLE-WINDING D-C FULL-BRIDGE D-C 
OR STEPPER MOTOR DRIVE SERVO MOTOR DRIVE 
UDN29502 UDN2935Z UDN2950Z 


+28V0 
DIRECTION O 


Dwg. No. A-12.114 SPEED 
(PwM) 2 


Dwg. No. A-12.195 
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3-PHASE BRUSHLESS DC MOTOR 
CONTROLLER/DRIVERS 


Combining logic and power, the UDN2936W and UDN2936W-120 
provide commutation and drive for three-phase brushless de motors. 
Each of the three outputs are rated at 45 V and +2 A (+3 A peak), and 
include internal ground clamp and flyback diodes. These drivers also 
OUTe feature internal commutation logic, PWM current control, and thermal 
shutdown protection. 


GROUND [ 


OUTs 
THS H The UDN2936W and UDN2936W-120 are compatible with single- 
| ended digital or linear Hall effect sensors. The commutating logic is 
BRAKE programmed for 60° (UDN2936W) or 120° (UDN2936W-120) electrical 
DIRECTION separation. Current control is accomplished by sensing current through 


an external sense resistor and pulse-width modulating the source 
drivers. Voltage thresholds and hysteresis can be externally set by the 
user. If desired. internal threshold and hysteresis defaults (300 mV, 7.5 
percent) can be used. The UDN2936W/W- 120 also include braking and 
direction control. Internal protection circuitry prevents crossover current 
when braking or changing direction. 


Hs 


3IDO1 
NOLWLAWAOS 


For maximum power-handling capability, the UDN2936W and 
UDN2936W-120 are supplied in 12-pin single in-line power tab pack- 
ages. An external heat sink may be required for high-current applica- 
tions. The tab is at ground potential and needs no insulation. 


FEATURES 


@ 10 V to 45 V Operation 

@ +3 A Peak Output Current 

@ Internal Clamp Diodes 

@ Internal PWM Current Control 
i 

| 

|| 

| 


Dwg. No W-188 


60° or 120° Commutation Decoding Logic 

Thermal Shutdown Protection 

Compatible with Single-Ended or Differential Hall Effect Sensors 
Braking and Direction Control 


ABSOLUTE MAXIMUM RATINGS 
at T, <4150°C 


Supply Voltage, Vago... 0... eee eee 45 Vv 
Output Current, |,,,, 

(continuous) ................ 2.0 A 

(peak) oo... eee ee TBO A 
Input Voltage Range, V,,.... -0.3 Vto 15 V 
Threshold Voltage, Vig. esc 15V 
Package Power Dissipation, 

Pies ceircthaneenels bustin GER See Graph 
Operating Temperature Range, 

Pen Ok Deas Ala -20°C to +85°C 

Storage Temperature Range, 

Tie A hacen aan ates -55°C to +150°C 


S 


Note: Output current rating may be limited by duty ; 
cycle, ambient temperature, and heat sinking. Always order by complete part number: 


Under any set of conditions, do not exceed the Part Number T Sensor Inputs | 
specified peak current and a junction temperature —— i — itn - rr 
UDN2936W | |__Single-Ended, 60° Separation 


of #150°C f 
| UDN2936W-120 Single-Ended, 120° Separation 


ee eee eeeeeeee eee eencas een eee ee ee aE 
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2936 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS 


FUNCTIONAL BLOCK DIAGRAM 


10) Vea 


(F OUT» 


oO 
() 
@) 
pa | 
Zz 
Se 
kK 
< 
= 
= 
= 
(eo) 
O 


BRAKE 
(ACTIVE LOW) 


6)— 


Dwg. No. W-190A 


2936 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS 


COMMUTATION TRUTH TABLE 
UDN2936W 


Hall Sensor Inputs Outputs 


H, H, DIRECTION BRAKE OUT 


75 100 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


Dwg. GP-012 
oe X= Irrelevant 


Z = High Impedance 


TYPICAL APPLICATION COMMUTATION TRUTH TABLE 
UDN2936W-120 


Hail Sensor Inputs Outputs 


5 H, DIRECTION BRAKE OUT, OUT, 


Xs Irrelevant 


Z = High Impedance 


Dwa. EP-033 


2936 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, T, < +150°C, V,,, = 45 V 


Characteristic Test Conditions 


Supply Voltage Range Operating 


Supply Current Outputs Open 


Varaxe = 0:8 V 


Thermal Shutdown Temperature 


Thermal Shutdown Hysteresis 


Output Drivers 


Output Leakage Current 


Output Saturation Voltage 


Output Sustaining Voltage Vertis) 


Clamp Diode Forward Voitage 


Clamp Diode Leakage Current 


Output Switching Time = +2 A, Resistive Load 


OU 


out= +2 A, Resistive Load 


Turn-ON Delay Source Drivers. 0 to -2A 
(Resistive Load) Sink Drivers, 0 to +2 A 


Turn-OFF Delay t Source Drivers, -2 Ato 0 
(Resistive Load) Sink Drivers, +2AtoO 


Continued next page... 


2936 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, T, S +150°C, V,,, = 45 V continued 


Control Logic = 


Logic Input Voltage Vv Voir Of Verake 


Voir Of Verake 


Input Current 


< Vyyjg/10.5 
> V./9.5 


SENSE 


tig 30. V 


SENSE THS 
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2936 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS 


APPLICATIONS INFORMATION 


The UDN2936W and UDN2936W-120 power drivers provide 
commutation logic and power outputs to drive three-phase brushless 
dc motors. 


The UDN2936W and UDN2936W-120 are designed to interface 
with single-ended linear or digital Hall effect devices (HEDs). Internal 
pull-up resistors allow for direct use with open-collector digital HEDs. 
The H, inputs have 2.5 V thresholds. 


The commutation logic provides decoding for HEDs with 60° 
(UDN2936W) or 120° (UDN2936W-120) electrical separation. At any 
one step in the logic sequencing, one half-bridge driver is sourcing 
current, one driver is sinking current, and one driver is in a high- 
impedance state (see Truth Table). 


A logic low on the BRAKE pin turns ON the three sink drivers and 
turns OFF the three source drivers, essentially shorting the motor 
windings to ground. During braking, the back-electromotive force 
generated by the motor produces a current which dynamically brakes 
the motor. Depending upon the rotational velocity of the motor, this 
current can approach the locked rotor current level (which is limited only 
by the motor winding resistance). During braking the output current 
limiting circuitry is disabled and care should be taken to ensure that the 
back-EMF generated brake current does not exceed the maximum 
rating (3 A peak) of the sink drivers and ground clamp diodes. 


Changing the logic level of the DIRECTION pin inverts the output 
states, thus reversing the direction of the motor. Changing the direction 
of a rotating motor produces a back-EMF current similar to when 
braking the motor. The load current should not be allowed to exceed 
the maximum rating (£3 A peak) of the drivers. 


An internally generated dead time (t,) of approximately 2 us 
prevents potentially destructive crossover currents that can occur 
when changing direction or braking. 


Motor current is internally controlled by pulse-width modulating the 
source drivers with a preset hysteresis format. Load current through an 
external sense resistor (R,) is constantly monitored. When the current 
reaches the set trip point (determined by an external reference voltage 
or internal default), the source driver is disabled. Current recirculates 
through the ground clamp diode, motor winding, and sink driver. An 
internal constant-current sink reduces the trip point (hysteresis). When 
the decaying current reaches this lower threshold, the source driver is 
enabled again and the cycle repeats. 


Thresholds and hysteresis can be set with external resistors or 
internal defaults can be used. With V,,,, > 3.0 V, the trip point is 
internally set at 300 mV with 7.5% hysteresis. Load current is then 
determined by the equation: 
= 0.3/R, 


lee 
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2936 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS 


With V_,. < 3.0 V, the threshold, hysteresis percentage, and peak 
current are set with external resistors according to the equations: 
Threshold Voltage (V Veer * R, (R, + R,) 


rug) = 
Hysteresis Percentage = R,,/50 V,,., 
Load Trip Current (1,1) = Vpyg/10 Re 


Percentage hysteresis is a fixed value independent of load current. 
The chopping frequency is a function of circuit parameters including 
load inductance, load resistance, supply voltage, hysteresis, and 
switching speed of the drivers. 


The UDN2936W and UDN2936W-120 outputs are rated for normal 
operating currents of up to +2 A and startup currents to +3 A (see 
cautions above regarding braking and changing of motor direction). 
Internal power ground clamp and flyback diodes protect the outputs 
from the voltage transients that occur when switching inductive loads. 
Ail devices also feature thermal protection circuitry. If the junction 
temperature reaches +165°C, the thermal shutdown circuitry turns OFF 
all output drivers. The outputs are re-enabled when the junction cools 
down to approximately +140°C. This protection is only intended to 
protect the device from failures due to excessive junction temperature 
or loss of heat sinking and should not imply that output short circuits are 
permitted. 


As with all high-power integrated circuits, the printed wiring board 
should utilize a heavy ground plane. For optimum performance, the 
drivers should be soldered directly into the board. The power supply 
should be decoupled with an electrolytic capacitorb (>10 uF) as close 
as possible to the device supply pin (V,,). 
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VDIRECTION 


+ 


OUTa 0 


OUTg 


ty |< 
+ 
OUTc 0 


TYPICAL HALL EFFECT 
SENSOR LOCATIONS 


Dwg. WM-002-1 


Dwg. No. W-193 


GROUND (= 
OUT, fro 


Vac! Vrec H 


ENABLE 


V6.0) sf 


Dwg. No. A-13.954 


ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 


Supply Voltage Range. V..... 10 V to 60 V 
Output Current, I,)7 (de)... 2. -4A 
(peak) .......... -5A 
Input Voltage, Vip eee 15V 
Package Power Dissipation. 
Pie stcgeocsctet ahs dl tad dety 4.8 eae See Graph 
Operating Temperature Range. 
Te aa ae BAsaraaececerd Ss -20°C to +85°C 


Storage Temperature Range, 
t, -55°C to +150°C 


Output current rating will be limited by ambient 
temperature, duty cycle. heat sinking, air flow, and 
number of outputs conducting. Under any set of 
conditions, do not exceed the -5.0 A peak current 
and a junction temperature of +150°C 


QUAD HIGH-CURRENT, 


HIGH-VOLTAGE SOURCE DRIVER 


Capable of driving loads to 4 A at supply voltages to 60 V (inductive 
loads to 35 V), the UDN2944W is a quad high-current, high-voltage 
source driver. Each of the four power drivers can provide space- and 
cost-saving interface between low-level signal-processing circuits and’ 
high-power loads in harsh environments. 


Individual supply lines have been provided for each pair of drivers 
so that different supplies can be used to drive multiple loads. The 
controlling inputs are TTL or CMOS compatible. The outputs include 
transient-suppression diodes for inductive loads. 


This quad Darlington array is designed to serve as an interface 
between low-level circuitry and periphera!l-power loads such as sole- 
noids, motors. incandescent displays, heaters, and similar loads of up 
to 240 W per channel. The UDN2944W is an ideal complement to the 


UDN2878W quad 4 A sink driver. 


For maximum power-handling capability, the UDN2944W driver is 
supplied in a 12-pin single in-line. power-tab package that allows 
efficient attachment of an external heat sink for maximum allowable 
package power dissipation. An external heat sink is usually required for 
proper operation of this device. The tab is at ground potential and 


needs no insulation. 


FEATURES 


Output Current to 4A 

Output Voltage to 60 V 

Loads to 960 W 

Integral Output Suppression Diodes 
TTL and CMOS Compatible Inputs 
Plastic Single In-Line Package 
Heat-Sink Tab 


Always order by complete part number: 


2944 
QUAD HIGH-CURRENT, HIGH-VOLTAGE SOURCE DRIVER 


— = nm ro 
on Oo a Oo on 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 
oO 
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PARTIAL SCHEMATIC 


TO OTHER 4......-~ 
INPUT STAGES 


ENABLE 
(ACTIVE LOW) 10K 


D7 NWN 
S 


js 3 


‘o 


Np 
on 


50 aS 100 125 150 
TEMPERATURE IN °C 


Dwg. GP-012 


Dwg. No. A-13,058 


TRUTH TABLE 
INPUT ENABLE OUTPUT 


NOTE: Pin 3 must be cornected to Vg for operation 
of input logic gates. 


2944 
QUAD HIGH-CURRENT, HIGH-VOLTAGE SOURCE DRIVER 


ELECTRICAL CHARACTERISTICS at T,. = +25°C, T, < +150°C, V, = 60 V, V =OV 


< 
(unless otherwise noted). 


Limits 
Characteristic Symbol Test Conditions 


Output Leakage Current Vout = 9 Vs Venaare = 2-4 V — 
V 


ENABLE 


for) 
Oo 


or 
oO 


Output Sustaining Voltage Voce loyr = 4A, L = 3mH 35 
Vv 


Output Saturation Voltage 
Input Voltage Logic 1 
Logic 0 


Input Current Logic 1 
Logic 0 
All drivers ON, All outputs open 


s 
EX 
Total Supply Current Ig 
: 2 
‘ON 
FF 


ur=t A, Vin =24V 
ut = 4A Vy = 24 V 
inet) OF Vewasien a 
or V 


| 
wm] a 
wr) © 


ENABLE‘O 


IN(O) 


inca) OF Venaseen = 


OT Venapced) = 12V 


OF Venagieio) = 0-8 V 


IN(t 


A 


= 


IN(O 


3 
> 


oO 
fo) 
> 


i 


bi 4 


Turn-On Delay 0.56, t00.5E,..R, = 1502 
Turn-Off Delay 0.56, t00.5E,,,R, = 150 


NOTE: Negative current is defined as coming out of (sourcing) the device being tested 


| 


| 
= 
oO 
= 


TYPICAL APPLICATION 
QUAD RELAY DRIVE 
(Using 2 Voltage Sources 
and optional PWM Current Limiting) 


+ aor 


+ 


tag = 05/loursmax} 
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PL) 


GROUND 
SINK INPUT [ur 


Ws Ed 

source iNeur [SB ” 
= 

oureut [= 


Dwg. No. A 11.177 


ABSOLUTE MAXIMUM RATINGS 


Ed ig hel caging ain tat ... 80Vto 35 V 
Input Voltage Range, 
Vinc cote beeen nea -0.3Vto+7.0V 
Peak Output Current (100 ms, 10% d-c), 
lope ae teustia seve aps ag t3.5A 
Continuous Output Current. 
laype erie ge oes aa eee 22.00A 
Operating Temperature Range, 
-20'C to +85 C 


BIPOLAR HALF-BRIDGE 
MOTOR DRIVER 


Complete technical information for the UDN2950Z is included with 
the UDN2935Z. 


FEATURES 


3.5 A Peak Output 

37 V Min. Output Breakdown 

Output Transient Protection 

Tri-State Outputs 

TTL. CMOS, PMOS, NMOS Compatible Inputs 
Internal Thermal Shutdown 

High-Speed Chopper (to 100 kHz) 

Replaces UDN2949Z, SN75605 


FUNCTIONAL BLOCK DIAGRAM 


O +s 


SINK 
Input © 


@ GROUND 


Dwg. No. 12.112 


29353. anv 


UDN2953B 


NC 


Veer / BRAKE 


RC (TIMING) 


GROUND 


GROUND 


GROUND GROUND 


Nec 


PHASE 


SENSE 


out, 


OUTPUT ENABLE [8] 
(ACTIVE LOW) 


Vee 


Dwg. No. A-13.026 


ABSOLUTE MAXIMUM RATINGS 
at T, < +150°C 


Motor Supply Voltage, V,, -......--- 50 V 
Output Current, lou; 

(BOA) re oe SEs te gue Bei oeee auekers 43.5 A 

(Continuous) ................ +2.0A 
Flyback Diode Voltage, V........-..- Ves 
Minimum Clamp Diode Voitage, 

Night Ai 2 8 Ribas ot cate diet Ground 
Logic Supply Voltage, Vig... sees 7.0V 


Logic Input Voltage, 


Vevidcer VENABLE Oo ves oeEeaes Ves 
Sense Voltage, Veeyge secre eee 15V 
Reference Voltage, V.../BRAKE ..... 15°V 


REF 
Package Power Dissipation, 
Pie toe Rerntcerish oe baat See Graphs 
Operating Temperature Range, 
T -20°C to +85°C 


Storage Temperature Range, 
fl 


Gti dh seit Dae oe -55°C to +1 al 
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PWM MOTOR DRIVERS 


The UDN2953B and UDN2954W are designed for bidirectional 
control of dc or stepper motors with continuous output currents to 2 A 
and peak start-up currents as high as 3.5 A. For pulse-width modulated 
(chopped-mode) operation, the output current is determined by the 
user’s selection of a reference voltage and sensing resistor while the 
OFF pulse duration is set by an external RC timing network. PWM 
operation is characterized by maximum efficiency and low power- 
dissipation levels. Extensive internal circuit protection includes thermal 
shutdown with hysteresis, transient-suppression diodes, and crossover 
current protection. 


When the V,.,/BRAKE pin is low (<0.8 V), the braking function is 
enabled. This turns both sink drivers OFF and the source drivers are 
turned ON. When V,,,/BRAKE is set above 2.4 V, that voltage (and the 
current sensing resistor) determines the load current trip point. An RC 
TIMING pin is available to use for an internal one-shot to control load 
current decay time. 


The UDN2953B driver is supplied in a 16-pin dual-in-line plastic 
package with copper heat-sink contact tabs. The lead configuration 
enables easy attachment of a heat sink while fitting a standard inte- 
grated circuit socket or printed wiring board layout. The UDN2954W, 
for higher package power dissipation requirements, is supplied in a 
12-pin single in-line power tab package. !n both package styles, the 
heat sink is at ground potential and needs no insulation. 


FEATURES 


@ 50 V Output Voltage Rating 

@ 2A Continuous Output Rating 

@ Internal Flyback Diodes 

@ Thermal Shutdown 

@ Crossover Current Protection 

@ BRAKE, ENABLE, and Current-Limit Functions 


Always order by complete part number: 
Part Number | Package 

UDN2953B (| 16-Pin DIP 
UDN2954W |: 12-Pin Power-Tab SIP 
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2953 AND 2954 
FULL-BRIDGE PWM MOTOR DRIVERS 


UDN2953B 
» 19 
E 
< 
= 
z 
= 8 
Q 
Ee aA 
< go | 
8 4 3 
a 4 
oc 
per} 
= 
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Ww 
6 
: Wax 
ra) Cw 
= Q 
Ww 
od 
oO 
< 
= 
oa 
Pi 50 75 700 125 150 


TEMPERATURE IN °C 


Owg. GP-004-1 


UDN2954W 


3.0°C/W HEAT SINK 
Raga = 50°C 


HEAT SINK 
toua = 14°C W 


FREE AIR. Rg 4 = 3F oN 


25 50 75 100 125 150 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


TRUTH TABLE 


Output 


Enable Phase Vaer/ BRAKE Out, Out, 


High Low 


Low — High 
Open Open 
High = High 


FUNCTIONAL BLOCK DIAGRAM 


(ACTIVE LOW) 


© = 29538 (DIP) 
[-] = 2954w (SIP) 


31® 


Veer /BRAKE 


@ne 


(rag) 
GROUND 


GROUND 


Vper/ BRAKE 
RC(TIMING) 
Yoo 


PHASE 


OUTPUT ENABLE 


3 0 
) aecrine OD vecus 


Dwg. No. A-13,028 


UDN2954W 


Dwa. No. A-13,023 


2953 AND 2954 
FULL-BRIDGE PWM MOTOR DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, T, < +150°C, V,,, = 50 V, Vig zs 


Voense = OV, RC = 20 kQ/470 pF to Ground. 


Limits 
Characteristic Symbol Test Conditions Min. Typ. Max. Units 


Output Drivers (OUT, or OUT,) 


Output Supply Range 


Output Leakage Current Venaste = 2 Vs Vour = Van: (note) 

Vewapue = 5 Vs Voyy = 0 V. (note) 
Output Sustaining Voltage Vaseite: logy = $2 A. L = 2 mH ~ | 50 _ - 
Output Saturation Voltage Voeisat Venaste = 9 Vs Igy = 20-5 A i need 1.0 : 

Venane= OV 210A | a ee a 

Nigga ce ON Meira G20 A Si ooes aes ae ce 
Clamp Diode Forward Voltage 7 I.=2A as 1.8 2.2 Vv 
Motor Supply Current LON: Venapie = 0-8 V. Vae- = 2.4 V. No Load — 20 30 mA 
ioe Venase=Vacr=24V.NoLoad — 25 35 mA 


Venapte = 2 V> Vege = 0-8 V. No Load — 40 60 mA 


Control Logic 


Logic Supply Range 


Logic Input Current 4 All inputs = 2.4 V 
|. All inputs = 0.8 V 
Logic Input Voltage as All Inputs 
fist. All Inputs 
Vee Open-Circuit Voltage V SE POREN 
Turn-On Delay ' All Drivers 
Turn-Off Delay ae Ali Drivers 
Thermal Shutdown Temp. ce ae ‘ 
Logic Supply Current ; Venasce = Veer = 2-4 V 
V cig pe OG Ve Nae eA 
NOTE: Tests performed at OUT, with Va j.c¢ = 0.8 V and at OUT, with Vivase = 2.4 V 


2953 AND 2954 
FULL-BRIDGE PWM MOTOR DRIVERS 


TYPICAL APPLICATION APPLICATIONS INFORMATION 


The UDN2953B and UDN2954W full-bridge motor drivers are ideal 
for driving bidirectional de servo, brushless dc, and 2-phase bipolar 
stepper motors with various current-control formats. Output current 
can be controlled by using an external sense resistor (R.,..-) and an 
optional RC network and reference voltage for PWM current control, 
or by using an external PWM source. 


The output current trip point is set by: 


Vege 


40R 


+5V 


PHASE Vaip = 


ENABLE SENSE 


(ACTIVE LOW) 


where the reference voltage (V,,,,.) can be between 2.4 V and 15 V. 
if left unconnected, V.,.. defaults to V,,/2 (see Figure 1). 


Dwg. No A 12.6498 


NOTE: Pin 3 must be When the bridge is turned ON, current increases in the motor and 
connected to an RC is sensed by the external sense resistor. When the current through the 
network as shown, or sense resistor reaches the trip point, the internal comparator triggers 

to Vo. It must NOT be a monostable which turns OFF the sink drivers. As shown in Figure 2, 


left unconnected. the actual load current peak will be slightly higher than the trip point 


(especially for low-inductance loads) because of the internal logic and 
switching delays. This delay (t,) is typically 2 ks. 


After the sink drivers turn OFF, the motor current decays, circulat- 
ing through the source driver and flyback diode. The sink driver's OFF 
time (and therefore the magnitude of the current decrease) is deter- 
mined by the monostable’s external RC timing components, where 
t,,, = RC within the range of 20 kQ2 to 100 kQ2 and 200 pF to 500 pF. 

If the RC pin is tied to V,,., internal timing circuitry is activated, 

allowing current control without an external RC network. The internally 
generated t,, is approximately 12 us at V.. = 5 V and T, = +25°C, 
increasing slightly with increasing temperatures. With RC tied to Vi, leg 
will increase by approximately 6 mA. 


When the sink driver is re-enabled, the motor current is again 
allowed to rise to the trip point. This cycle repeats itself, maintaining 
the average motor current at the desired level. 


Average motor current can also be controlied with external current 
control logic by using the OUTPUT ENABLE pir. Toggling the OUTPUT 
ENABLE pin shuts OFF both the source and sink drivers. Both the 
flyback and ground-clamp diodes conduct during turn-OFF (anodes 
(A pin) connected to ground and cathodes (K pin) connected to V,,,,), 
resulting in a very fast current decay. If the internal current control 
circuitry is not used. the RC pin should be connected to ground through 
a 20 k£2 (minimum) resistor. 


A logic low at the V,,,,/BRAKE pin turns ON both source drivers and 
turns OFF both sink drivers, essentially shorting both ends of the motor 
winding to the motor supply. In this condition, the back-electromotive 
force (pack-EMF) generated by the motor produces a current which 
dynamically brakes the motor. Depending upon the rotational velocity 
of the motor, this current level can approach thet of a locked-rotor 
condition (which is limited only by the resistance of the motor winding). 
The internal current contro! circuitry is not operétional when the brake 
function is used. Therefore, care should be exercised when braking to 
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2953 AND 2954 
FULL-BRIDGE PWM MOTOR DRIVERS 


FIGURE 1 ensure that the current generated by the 
back-EMF never exceeds the absolute 
Vee maximum rating of the drivers. 


With bidirectional dc servo motors, the 
PHASE pin can be used for direction control. 
Similar to dynamically braking a motor, 
changing the direction of a rotating motor 
produces a current generated by the 
back-EMF. Again, this current should not be 
allowed to exceed the absolute maximum 
rating. 


SOK 


VREF/ORAKE BRAKE 


An internally generated deadtime (ap- 
proximately 3 us) prevents crossover currents 
that can occur when switching phases or 
braking. 

BEFLIO E> QUT Thermal protection circuitry turns OFF all 
| drivers when the junction temperature typi- 

cally reaches 165°C. It is only intended to 
protect the device from failures due to exces- 
sive junction temperature and should not 
imply that output short circuits are permitted. 
The thermal shutdown has a hysteresis of 
approximately 8°C. 


The printed wiring board should utilize a 
heavy ground plane. For optimum perform- 
ance, the driver should be soldered directly 

PW GuNOTBATS:229 into the board. The load supply (V,,,) should 
be decoupled with an electrolytic capacitor 
(210 uF) as close as possible to the driver. 


FIGURE 2 


VeHASE | | 


CROSSOVER - ~ 
CURRENT DELAY 


Dwg. No. WM 0¢3-* 


GROUND 
SUPPLY 

NO CONNECTION 
SOURCE OUT 
SOURCE IN 
SENSE 


ENABLE 
SINK IN 


NO CONNECTION 


SINK OUT 
NO CONNECTION 


NO CONNECTION 


Dwg. PP-023 


ABSOLUTE MAXIMUM RATINGS 
at T, < 150°C 


Supply Voltage. V., 

Output Current, lau; 
Input Voltage. V, . - 
Sense Voltage, V 
Package Power Dissipation, 


SENSE 


See Graph 
Operating Temperature Range, 
-20°C to + 85°C 
Storage Temperature Range, 
.. 55°C to + 150°C 


Output current rating may be limited by duty cycle 
ambient temperature, and heat sinking. Under any 
set of conditions, do not exceed the specified 
output current rating or a junction temperature of 
+150°C. 


HIGH-CURRENT 
HALF-BRIDGE POWER DRIVER 


The UDN2955W-2 half-bridge power driver combines a high- 
current, half-bridge power driver with low-level control and protection 
circuitry. For PWM applications there are provisions for output current 
sensing and an ENABLE (active low) input. The output can source or 
sink up to 6 A continuously. This device features a minimum break- 
down and sustaining voltage of 40 V. It can be used in pairs for full- 
bridge operation or in triplets for 3-phase brushless dc motors. 


Protection is included which shuts down the device during over- 
temperature conditions caused by loss of cooling; internal flyback and 
clamp diodes are included for switching inductive loads. Internal logic 
lockout and delays prevent potentially destructive crossover currents. 
The logic inputs are compatible with TTL and 5 V CMOS logic systems. 


A similar device, excluding the ENABLE and output current sensing 
provision, in a 5-lead TO-220 style package, is the UDN2951Z-2. 


The UDN2955W-2 is supplied in a 12-lead power-tab single in-line 
plastic package. The tab is at ground potential, allowing multiple 
devices to share a common heat sink. 


FEATURES 


+6 A Continuous Output Current 
Output Voltage to 40 V 

Internal Thermal Shutdown 

TTL and 5 V CMOS Compatible Inputs 
Integral Transient-Suppression Diodes 


Always order by complete part number: 'UDN2955W-2 . 
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2955-2 
HIGH-CURRENT HALF-BRIDGE POWER DRIVER 
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ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


wg. GP.o7EA 


TRUTH TABLE 


INPUTS OUTPUTS 
ENABLE SOURCE SINK |SOURCE SINK 


X = Irrelevant 


FUNCTIONAL BLOCK DIAGRAM 


og) THERMAL 
SHUTDOWN 


SINK 
OUT 


SINK 
in @) |e 
crown) 77 


Dwg. EP-009 


TYPICAL APPLICATION 


The printed wring board should utilize a heavy ground plane. For 
optimum performance. the driver should be soldered directly into the 
board. The power supply (V.) should be decoupled with an electrolytic 
capacitor (= 10 uF) as close as possible to pin 2 


Dwg. EP-O19A 
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2955-2 
HIGH-CURRENT HALF-BRIDGE POWER DRIVER 


ELECTRICAL CHARACTERISTICS at T, = + 25°C, T, <+ 150°C, V. = 40 V 


Characteristic Symbol Test Conditions Min. Typ. Max. | Units 
V 10 40 


Functional Supply Range 


Output Leakage Current \, SINK oy, = 40 V. 
SOURCE,, = 0.8 V, SINK, = 2.0 V — <10 50 


SOURCE, = OV, 
SOURCE, = 0.8 V. SINK,, = 2.0 V 


f =+6.0A,L=10mH 


Output Sustaining Voltage ‘out 


Vee;sus) 


Output Saturation Voltage Versat) SINK..,, = 5-0 A = 1.5 Vv 
SINK), = 6.0 A : 7 i ee ee = 2.0 : Vv : 
‘SOURCE,,,=5.0A mo ee Te 
| SOURCE), = -6.0A : = 1a 886) wy 
input Voltage Logic 1 [ao RCE,, or SINK, 2.0 A coe Vv 
Logic 0 et SOU RCE,, or SINK, —_ — = 08 Vv 
Input Current Logic 1 SOURCE,, or SINK, = 2.0 V 3.0 10 uA 
wea | SOURCE,, or SINK, =08V - << 4 0 : -10 rd 
Propagation Delay tou Sink Driver (includes Turn-On Delay) = 25 _ us 
“Source Driver Sa hee SRA Sear al aS 
to ff Sink Biiver = > => | ~ 0.2 Ss hs 
| Source Driver (includes Turn-On Delay) Fy tees 2.5 = “us, 
Supply Current loony SOURCE,, = 2.0 V — 10 15 mA 
“SOURCE,,=SINK,-0.8V “= 20,5 oma 
gore) | SOURCE, = 0.8 V. SINK, = 2.0 V — 80 10 | ma~ 
Flyback Diode Forward Voltage Vv. I, =6.0A - _ 2.8 | Vv 
Clamp Diode Forward Voltage — 2.1 Vv 
Diode Leakage Current Each Diode, V,, - 40 V <1.0 50 uA 
Thermal Shutdown ) = 165 — Cc 


NOTE: Typical Data is given for circuit design information only. 
Negative current is defined as coming out of {sourcing} the specified device pin 


2957 


HIGH-VOLTAGE, 
HIGH-CURRENT SOURCE DRIVER 


Comprised of five common-collector NPN Darlington output stages, 
associated common-base PNP input stages, and a common ENABLE 
stage, the UDN2957A high-voltage, high-current source driver is used 
to switch the ground end of loads that are directly connected to a 
negative supply. Typical loads include telephone relays, PIN diodes, 
and LEDs. 


This device will sustain output OFF voltages of -80 V and will 
source currents to -500 mA per driver. Under normal operating condi- 
tions, it will sustain load currents of -200 mA on each of the five drivers 
simultaneously at ambient temperatures up to +70°C. 


The UDN2957A driver has appropriate input-current limiting resis- 
tors for operation from TTL, Schottky TTL, OTL, and 5 V CMOS. The 
input and ENABLE levels must both be biased towards the positive 
supply to activate the output load. 


Integral transient-suppression diodes allow this device to be used 
with inductive loads without adding discrete diodes. In order to maintain 
isolation between drivers, the substrate should be connected to the 
most negative supply. 


Input connections are on one side of the dual in-line package, 
output connections on the other side to simplify printed wiring board 
layout. 


Dwg. No. A-10,229A 


The UDN2957A high-voltage, high-current driver is supplied in a 
14-lead dual in-line package conforming to JEDEC outline TO-116 
(MO-001AA). 


FEATURES 


@ 500 mA Output Source Current 
@ 50 V Output Sustaining Voltage 
@ Output Transient Protection 


ABSOLUTE MAXIMUM RATINGS MTTL, OTL, 5 V CMOS Input 


at + 25°C Free-Air Temperature 
(Reference Pin 7) 


Output Voltage, Voy... eee ees -80V 
Input Voltage, Vv... ee +10 V 


Output Current. loys. eee e cece -500 mA 
Power Dissipation, 
Py (any one driver). ........... 1.0W 
(total package)... ... 2... 2, 2.0 W* 
Operating Temperature Range, 
Areas uce we beteeR ae tee ied -20°C to +85°C 


2957 
NEGATIVE SUPPLY, 5-CHANNEL SOURCE DRIVER 


ELECTRICAL CHARACTERISTICS at T= + 25°C, V 


Characteristic Symbol Test Conditions 


Output Leakage Current Vin = Venapre = 0-4 V: Vout = 80 V. Ty = +70°C 


Viy= 0-4 V. Venagie = 3:85. Voy 7 =-80V, Ty = +70°C -200 1A Max. 


ENABLE = Vqn (unless otherwise specified). 


Vy = 3:85 V, V =0.4V, Vo =-80V, Ty = +70°C -200 A Max. 


ENABLE 


Collector-Emitter tees Vin = 2-4 V, Igy, =-100 mA ~ 4.20 V Max. 
Saturation Voltage . V, 


er A75mA -1.35 V Max. 


Vin = 3-9 V, logy = 7350 MA cA 70 V Max. 


Input Current Myeon) =24V,Voyp=-2.0V 675 LA Max. 
y= 3-85 V, Voyr =-2.0V » 1.40 mA Max. 
om =-500HA,T,=+70°C BO A Min, 
as 


Clamp Diode 

Leakage Current 

Ciamp Diode 

Forward Voltage 

Turn-On Delay 

Tum-Off Delay 0.5E,,100.5E,,,,. R, = 400.2, C_=25 pF 


INPUT CURRENT 
AS A FUNCTION OF VOLTAGE 


0.5E,t00.5E5.,, R, = 4000, C, = 25 pF 


N(OFF) 
Output Source Current Viy=24V, Vout = =-2.0V -125 mA Min. 
Vy = 27V, Voyt 272.0 V - - “200 mA Min. a 
Vin =3.0V, Von -2.0V =. ike | "-250 mA Min, 
Vin =3-3 V, »Vour = 72:9 -300 mA Min. 
Vin =3-6V, Voyz =72.0V -350 mA Min. 
em 
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2957 
NEGATIVE SUPPLY, 5-CHANNEL SOURCE DRIVER 


INPUT CURRENT 
AS A FUNCTION OF VOLTAGE 
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2961 


HIGH-CURRENT HALF-BRIDGE 
PRINTHEAD/MOTOR DRIVER—WITH INTERNAL 
CURRENT SENSING AND CONTROL 


The UDN2961B and UDN2961W are 3.4 A half bridges designed 
UDN2961B specifically for driving solenoid printheads, stepper motors, and dc 
motors. The UDN2961B/W consists of a power source driver output, 
a power sink driver output, a flyback recovery diode, internal current 


wae SINK OUT sensing circuitry, and a user-selectable fixed off-time chopper circuit. 
Roy EMITTER The output drivers are capable of sustaining 45 V with continuous 
currents of +3.4 A and peak currents. of #4 A permitted. The outputs 
INPUT [3 - 14 | NC have been optimized for a low output saturation voltage (typically 2.6 V 
CONTROL total source plus sink drops.at 3.4 A). 
GROUND | 4 LOGIC 13 |GROUND 
ie For output current control, load current is internally sensed and 
BROENO.TS, Vap. pea GROUNP limited by chopping the output driver(s) in a user-selectable fixed off- 
ENABLE [ne TT LOAD SURELY. time PWM mode. The maximum output current is determined by the 
user’s selection of a reference voltage. The MODE pin determines 
rc [7 10 }SOURCE OUT whether the: current control circuitry will chop in a slow current-decay 
mode (only the source driver switching) or in a fast current-decay mode 
MODE ee Yoo: 12 | LOGIE. SUPPLY (source and sink switching). A user-selectable blanking window pre- 
vents false triggering of the current control circuitry during chopping. 
a The UDN2961B is supplied in a 16-pin dual in-line plastic batwing 
package with a copper lead-frame and heat sinkable tabs for improved 
power dissipation capabilities. For higher power dissipation require- 
ments, the UDN2961W is supplied in a 12-pin sincile in-line power tab 
ABSOLUTE MAXIMUM RATINGS package. 
Supply Voltage, Vag... se. eee eee eee 45V ‘ 
Output Current. lou, (continuous)... +3.4A FEATURES 
(ty < 20 us, 10% duty cycle) .... 14.0A @ 3.4A, 45 V Source and Sink Drivers 
Logic Supply Voltage. Vag... 0... 7.0V @ Internal Current Sensing 
Input Voltage Range. — @ User-Selectable Fixed-Off Time PWM Current Control 
Ath eae Se SLC 3 -0.3 V to +7.0 V M@ Internal Flyback Diode 
Package Power Dissipation, @ Low Output Saturation Voltage 
Py Siene aH aed SATE Oe See Graph @ Chip Enable 
Operating Temperature Range, @ Fast or Slow Current-Decay Modes 
Matos agi RA hens pies -20°C to +85°C @ Programmable Blanking Window 
Junction Temperature. T,........ +150°C* @ Internal Thermai Shutdown Circuitry 


Storage Temperature Range, 
T -55°C to +150°C 


Output current rating may be restricted to a value 
determined by system concerns and factors. 
These include: system duty cycle and timing. 
ambient temperature. and use of any heatsinking 
and/or forced cooling. For reliable operation. the 
specified maximum junction temperature shouid 
not be exceeded. 


* Fault conditions that produce excessive junction 


temperature will activate device thermal shutdown Always order by complete part number: 
circuitry. These conditions can be tolerated. but =| 9 =—7> Sar | i ae 
should be avoided. _UDN2961B- {18 Pin DIP 


_| |“ UpN2961W | 12-Pin Power-Tab SIP 
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HIGH-CURRENT HALF-BRIDGE PRINTHEAD/MOTOR DRIVER 


i) 


FUNCTIONAL BLOCK DIAGRAM 
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CIRCUIT 
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—~ w, Rosas 36°C/W 
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n 


SOURCE OUT 


SUFFIX'B, Ra, 


° 
i) 
a 


50 75 100 125 150 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


SINK OUT 


EMITTER 


GROUND 


Dwg. FP-019 


UDN2961W 


CURRENT 
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2961 
HIGH-CURRENT HALF-BRIDGE PRINTHEAD/MOTOR DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Ver = 45 V, 
Voc = 4-75 V to 5.25 V, RB... = 2940 Q (unless otherwise noted), 


Characteristic 


Limits 


Test Conditions in. Typ. 


Output Drivers 


Output Leakage Current 


Output Saturation Voltage 


Output Sustaining Voltage 


Motor Supply Current 


Output Rise Time 


Output Fall Time 


Control Logic 


Logic Input Voltage 


Logic Input Current 


SOURCE ~ OV 


sink = 45.V 


Source Driver, |g, = -3.4A 


Source Driver, | 


out = 3.0 A 
Sink Driver, lout = 3.4A 


Sink Driver, lout = 3.0 A 


Source Driver, Io; = -3.0A 


Sink Driver, faut 


=3.0A 
Source Driver, |, = -3.0A 


Sink Driver, lou = 3.0 A” 


IN(1) 


Iino) 


Reference Input Current 


Transconductance 


Logic Supply Current 


Turn On Delay 


Turn Off Delay 


Therma! Shutdown Temperature 


acer 7 9-8 V to 3.4 V 
Ven = 2.0 V, V,, = 0.8 V, No Load 


Ven = 0.8 V 


Source Driver 


Sink Driver 


Source Driver 


Sink Driver 


Negative current is defined as coming out of (sourcing) the specified device terminal 
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2961 
HIGH-CURRENT HALF-BRIDGE PRINTHEAD/MOTOR DRIVER 


APPLICATIONS INFORMATION 


The UDN2961B/W is a high current 
half-bridge designed to drive a number of 
inductive loads such as printer solenoids, 
stepper motors, and dc motors. Load current 
is internally sensed and is controlled by pulse- DAIVE CURRENT 
width modulating (PWM) the output driver(s) RECIRCULATION (SCOW-DECAY. MODE) = 
in a fixed off-time, variable-frequency format. RECIRCUCA TION (FAST DECAYIMODE). Sa 
The peak current level is set by the user's 
selection of a reference voltage. A slow 
current-decay mode (chopping only the 
source driver) or a fast current-decay mode 
(chopping both the source and sink drivers) 
can be selected via the MODE pin. 


PWM CURRENT CONTROL 


A logic low on the MODE pin sets the 
current-control circuitry into the slow-decay 
mode. The RS flip-flop is initially set, and both 
the source driver and the sink driver will be 
turned ON when the INPUT pin is at a logic Dwg. EP-037 
low. As current in the load increases, it is 
sensed by the internal sense resistor until the 
sense voltage equals the trip voltage of the 
comparator. At this time, the flip-flop is reset 
and the source driver is turned OFF. Over the 
range of V..,= 0.8 V to 3.4 V, the output 
current trip point transfer function is a direct 
linear function of the reference voltage: 

* Var 


rap 


ENABLE 


To ensure an accurate chop current level 
(£10%), an externa! 2940 Q+1% resistor (R.. ) 
is used. The actual load current peak will be 
slightly higher than the trip point (especially 
for low-inductance loads) because of the 
internal logic and switching delays (typically 
1.5 us). After the source driver turns OFF. LOAD 
the load current decays. circulating through CUBRENT 
an external ground clamp diode, the load. 
and the sink transistor. The source driver's 
OFF time (and therefore the magnitude of 
the current decrease) is determined by the Pug WP:O19 
one-shot's external RC timing components: 


aid tore = RC mode. When the peak current threshold is detected, the flip-flop is 
within the range of 20 k&2 to 100 kQ and reset and both the source driver and the sink driver are turned OFF. 
100 pF to 1000 pF. When the one-shot times Load current quickly decays through the external ground clamp diode, 
out, the flip-flop is set again, the source driver _ the load, and the internal flyback diode. In the fast-decay mode, the 


is re-enabled, and the load current is again OFF time period will be one-half the time that would be set by the 

allowed to rise to the set peak value and trip external RC network for the slow-decay mode: 

the comparator. This cycle repeats itself. RC 

maintaining the average load current at the tory = a 

Geeeeey es, The amount of ripple current when chopping in the fast-decay mode 
A logic high on the MODE pin sets the will be considerably higher than when chopping in the slow-decay 

current-control circuitry into the fast-decay mode. 
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2961 
HIGH-CURRENT HALF-BRIDGE PRINTHEAD/MOTOR DRIVER 


The frequency of the PWM current control 
is determined by the time required for the 
load current to reach the set peak threshold 
(a function of the load characteristics and V,,,) 
plus the OFF time of the switching driver(s) 
(set by the external RC comoonents). 


To prevent false resetting of the flip-flop 
due to switching transients and noise, a 
blanking time for the comparator can be set 
by the user. The blanking time is determined 
by the value of C where blanking time is equal 
to 3600 C (1s and LF or ps and pF). 


POWER CONSIDERATIONS 


The UDN2961B/W outputs have been 
optimized for low power dissipation. The 
sink driver has a maximum saturation voltage 
drop of only 1.25 V at 3 A, while the source 
driver has a 2 V drop at -3 A. Device power 
dissipation is minimized in the slow-decay 
mode, as the chopping driver (the source 
driver) is ON for less than 50% of the chop 
period. When the source driver is OFF during 
a chop cycle, power is dissipated on chip only 
by the sink driver; the rest of the power is 
dissipated through the external ground clamp 
diode. In the fast-decay mode, the ON time 
of the chopping drivers (both the source driver 
and the sink driver) is greater than 50%, and 
the power dissipation will be greater. 


GENERAL 
A logic low on the ENABLE pin will 
prevent the source driver and the sink driver 
from turning ON, regardless of the state of the 
INPUT pin or the supply voltages. With the 
ENABLE pin high, a logic low on the INPUT 
pin will turn ON the output drivers. 


To protect against inductive load voltage 
transients, an external ground clamp diode 
is required. A fast-recovery diode is recom- 
mended to reduce power dissipation in the 
UDN2961B/W. The blanking time prevents 
false triggering of the current sense compara- 
tor, which can be caused by the recovery 
current spike of the ground clamp diode 
when the chopping source driver turns ON. 


The load supply (V,,,) should be well 
decoupled with a capacitor placed as close 
as possible to the device. 


The EMITTER pin should be connected 
to a high-current power ground. 


Thermal shutdown protection circuitry is 
activated and turns OFF both output drivers at 


CURRENT: 


CONTROL 
7940 a [ 4 a LOBIC 
2% 


Dwg. EP-038 


a junction temperature of typically +165°C. It is intended only to protect 
the device from catastrophic failures due to excessive junction tempera- 
tures and should not imply that output short circuits are permitted. The 
output drivers are re-enabled when the junction temperature cools 
down to approximately +145°C. 


MOTOR DRIVER APPLICATIONS 


Two UDN2961B/Ws can be cross connected as shown to form a 
full-bridge driver circuit. Two full-bridge circuits are needed to drive a 
two-phase bipolar stepper motor. When in a full-br:'dge configuration, 
one INPUT signal must be logically inverted from tne other INPUT 
signal to prevent the simultaneous conduction of a source driver from 
one half-bridge and the sink driver from the other ialf-bridge. In order 
to prevent cross-over currents, a turn-ON delay time of 3 us is needed 
between the time an INPUT signal for one of the half bridges goes high 
and the INPUT signal for the other half bridge goes low. 


In addition to the two external ground clamp diodes, diodes in 
series with the load to the SINK OUT are needed in a full-bridge 
configuration. These series diodes prevent the sink drivers from 
conducting on the inverse mode, which can occur when the opposite 
half-bridge ground clamp diode is conducting and “orces the sink 
driver collector below ground. 


\f fast current decay is used (MODE = logic high) or pulse width 
modulation of the load-current direction is used, diodes in series with 
the load to the SOURCE OUT are needed. These series diodes prevent 
the SOURCE OUT from inverse conducting during the recirculation 
period and thereby prevent shoot-through currents from occuring as the 
drivers turn back ON. 


gpg a ST 
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DUAL SOLENOID/MOTOR DRIVER 
—PULSE-WIDTH MODULATED CURRENT CONTROL 


GROUND, = 


SENSEal = 


SINKaf{o# 
SOURCEg[ + 
THSa le 
Veo! 
SOURCEg[ © 7 


SINKg L® 


SENSEBLS 
IN: ° 


THSg 05 


ABSOLUTE MAXIMUM RATINGS 
at T, <+150°C 


Supply Voltage. Vj. 6.2.2... 45 V 
Peak Output Current. ing, . 25.0... 24 A 
Inout Voltage Range. 

Vigivéouiddur palate tons -0.3 V to +7.0V 
Package Power Dissipation 

Posies SR .... See Graph 
Operating Temperature Range. 

.. 20°C to +85 C 


ene eee 
Storage Temperature Range. 

Ts Pune 4 spd obeas thay o -55°C to +150°C 
NOTE: Output current rating may be limited by 
duty cycle. ambient temperature, and heat sinking 
Under any set of conditions, do not exceed the 
specified peak current and a ;unction temperature 
of +150°C. 


Using PWM to minimize power dissipation and maximize load 
efficiency, the UDN2962W dual driver is recommended for impact 
printer solenoids and stepper motors. It is comprised of two source/sink 
driver pairs rated for continuous operation to +3 A. It can be connected 
to drive two independent loads or a single load in the full-bridge con- 
figuration. Both drivers include output clamp/flyback diodes, input gain 
and level shifting. a voltage regulator for single-supply operation, and 
pulse-width modulated output-current control circuitry. Inputs are 
compatible with most TTL, DTL, LSTTL, and low-voltage CMOS or 
PMOS logic. 


The peak output current and hysteresis for each source/sink pair 
is set independently. Output current, threshold voltage, and hysteresis 
are set by the user's selection of external resistors. At the specified 
output-current trip level, the source driver turns OFF. The internal 
clamp diode then allows current to flow without additional input from 
the power supply. When the lower current trip point is reached, the 
source driver turns back ON. 


The UDN2962W is in a 12-pin single in-line power tab package. 
The tab is at ground potential and needs no insulation. For high-current 
or high-frequency applications, external heat sinking may be required. 


FEATURES 


@ 4A Peak Output 

@ 45 V Min. Sustaining Voitage 

@ Internal Clamp Diodes 

@ TTL/PMOS:CMOS Compatible Inputs 
@ High-Speed Chopper 


Always order by complete part number: 'UDN2962W. : 
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2962 ; 
DUAL PWM SOLENOID/MOTOR DRIVER 


FUNCTIONAL BLOCK DIAGRAM 
(ONE OF TWO DRIVERS) 


SOURCE 


Dwg. No. D-1002 


TRUTH TABLE 


SOURCE SINK 
DRIVER DRIVER 


25 50 75 100 125 150 
TEMPERATURE IN C 


ALLOWABLE PACKAGE POWER DISSIPATION 3N WATTS 
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2962 
DUAL PWM SOLENOID/MOTOR DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, T < +150°C, Vee = 45 VV... =0V 
(unless otherwise noted). pee 


be os dit: — = | 


Output Drivers 
Output Leakage Current n= 2-4 V, Veource = 9 V 
=2.4V,V. =45V 


SINK 
=3.0A 


Output Saturation Voltage VogisaT; Suies Drivers, |, gap 


Source Drivers, lloac = ar 0 A 


Sink Drivers, loan = 3-0 A 


Sink Drivers, Loao= 1.0A . 


Output Sustaining Voltage Vege Ioyy = $3.0 A, L = 3.5 mH 
Output Current Regulation a Ving = 0-6 V to 1.0V.L=3.5 mH 


Viyig = 1.0 V to 2.0 V. L = 3.5 mH 


Ving = 2.0 V to 5.0 V. L = 3.5 mH 


Clamp Diode Forward Voltage 


Output Rise Time = =3.0A, 10% to 90%. Resistive Load 


Output Fall Time 


Control Logic 


Logic Input Voltage 


Logic Input Current 


LHSiON) Vis 2 500 MV. Veer se S Vrs! 10-5 


nae Veenoe 2 Vrng/9-5: Vang = 06V105.0V | 140 


Ratio At Trip aa Virus =20Vto5.0V 


Hs’ “sense 
Supply Current : = 2.4 V, Outputs OFF 


(ia Devics) ES =0. 8 V, Outputs Open 


Propagation Delay Time aT Vin to 50% V,\... Turn OFF 


(Resistive Load) 50% V » t0 50% Vo, \-. Turn ON 


100% Vine to 50% Vo." 


“Where Vecqee 2 Viyg 9-5 
NOTE: Negative current is defined as coming out of (sourcing) the specified device pin 
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2962 
DUAL PWM SOLENOID/MOTOR DRIVER 


CIRCUIT DESCRIPTION 
AND APPLICATIONS INFORMATION 


The UDN2962W high-current driver is intended for use as a 
free-running, pulse-width modulated solenoid driver. 


Circuit Description. In operation, the source and sink drivers are 
both turned ON by a low level at the input. The load current rises with 
time as a function of the load inductance, total circuit resistance, and 


supply voltage and is sensed by the external sense resistor (R,). When 


the load current reaches the trip point (I_,.,,), the comparator output 


goes high and turns OFF the source driver. The actual load current will 
peak slightly higher than I,,,, because of the internal logic and switching 


delays. 


After the source driver is turned OFF, the load current continues to 


circulate through the sink driver and an internal ground clamp diode. 
The rate of current decay is a function of the load inductance and total 
circuit resistance. 


An internal constant current sink reduces the trip point (hysteresis) 


until the decaying load current reaches the lower threshold, when the 
comparator output goes low and the source driver is again turned ON. 
Load current is again allowed to rise to the trip point and the cycle 
repeats. 


Maximum load current and hysteresis is determined by the user. 


Determining Maximum Load Current and Hysteresis. Trip 
current (I,.,,,) is determined as a function of resistance R, and the 
threshold voltage, V,,,.: 


Vous 


| = 
TRIP 
10 Ry 


=10°V 


where Vous SENSE 


= 0.6 V to 5.0 V. 
Hysteresis percentage (H) is determined by resistance R,, and is 
independent of the load current: 


eet 
50 * Vier 


The chopping frequency is asynchronous and a function of the 
system and circuit parameters, including load inductance, supply 
voltage, hysteresis setting, and switching speed of the driver. 


Resistance R, is determined as: 


Vace 7 Vas 
Note that if V_,, = Vac, then R, =». 
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Circuit Layout. To prevent interaction 
between channels, each of the two high-level 
power ground returns (the low side of the 
sense resistors) must be returned independ- 
ently to the low-level signal ground (pin 1). 
The circuit common (pin 1) can then be 
routed to the system ground. 


The printed wiring board should utilize a 
heavy ground plane. For optimum perform- 
ance, the driver should be soldered directly 
into the board. 


The power supply (V,) should be 
decoupled with an electrolytic capacitor 
(210 uF) as close as possible to pin 7. 


‘M GROUND. 


SYStS 


Qwg. OP-001 


TYPICAL WAVESHAPES 


fi A ansadl eens Aeele 
a 7 LL. - {E. a 


—— GND 


(|| 
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L 
= 
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— 
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2962 
DUAL PWM SOLENOID/MOTOR DRIVER 


APPLICATIONS INFORMATION 


RESISTOR R,, VALUE RESISTOR R, VALUE 
AS A FUNCTION OF HYSTERESIS AS A FUNCTION OF PEAK LOAD CURRENT 


Dwg. No. A-12.417 Dwa. No. A-12.416 


MOUNTING POWER TAB DEVICES 


Power-tab packages are efficient thermal dissipators when properly 
utilized. In application, the following precautions should be taken: 


1. Always fasten the tab to the heat sink before the leads are soldered 
to fixed terminals. 


2. Strain relief must be provided if there is any probability of axial 
stress to the leads. 


3. Thermal grease (Dow Corning 340 or equivalent) should always be 
used. Thermal compounds are better heat conductors than air but 
not a good substitute for flat mating surfaces. 


4. The mounting surface should be flat to within 0.002 inch/inch 
(0.05 mm/mm) 


5. Brute force mounting to poorly finished heat sinks can cause 
internal stresses which damage silicon chips and insulation parts. 
Mounting torque should be between 4 and 8 inch pounds 
(0.45 to 0.90 Nm.) 


6. The mounting holes should be as clean as possible with no burrs 
or ridges. 


7. Use appropriate hardware including a lock washer or torque washer. 
8. If insulating bushings are used, they should be of dialylphthalate, 


fiberglass-filled polycarbonate, or fiberglass-filled nylon. Unfilled 
nylon should be avoided. 
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ABSOLUTE MAXIMUM RATINGS 
at T, <+150°C 


Supply Voltage. Vag soe. eee ees ....65V 
Peak Output Current. Igy; ....-... 5.0 A 
Input Voltage Range, 

Vin cette teens -0.3 V to +7.0 V 
Package Power Dissipation, 

Poy crete ener n eens See Graph 
Operating Temperature Range, 

Tesh actnaeotahs oaks . -20°C to +85°C 
Storage Temperature Range, 

Tice ret Re cs cet Be ents -55°C to +150: C 


Output current rating may be limited by duty cycle. 
ambient temperature, and heat sinking. Under any 
set of conditions, do not exceed the specified peak 
output current or a junction temperature of +150 C 
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DUAL SOLENOID DRIVER 
WITH PWM CURRENT CONTROL 


Rated for continuous operation to 4.8 A and 65 V per channel, the 
UDN2966W is designed to drive impact printer solenoids. Each of the 
two independent driver pairs in the UDN2966W include input gain and 
level shifting, a voltage regulator for single-supply operation, pulse- 
width modulated (PWM) output-current control, a flyback diode, and 
on-chip thermal protection. The inputs are compatible with TTL, LSTTL, 
and low-voltage CMOS or PMOS logic. 


The PWM mode helps maximize load efficiency. Output current, 
threshold voltage, and hysteresis are set by the user's selection of 
external resistors. At the specified output current trip level, the source 
driver turns OFF, allowing the load current to decay through the sink 
driver and an external ground clamp diode. When the lower current trip 
point is reached, the source driver is turned back ON. 


For maximum power-handling capability, the UDN2966W is sup- 
plied in a 12-pin single in-line power tab package. An external heat sink 
is required for most high-current applications. The tab is at ground 
potential and needs no insulation. 


FEATURES 


@ 5A Peak Output Current 

@ 65 V Output Sustaining Voltage 

@ Internal Flyback Diodes 

M@ internal Current Control 

@ Internal Thermal Shutdown Circuitry 


Always order by complete part number: |UDN2966W |. 


2966 
DUAL SOLENOID DRIVER WITH PWM CURRENT CONTROL 


° 


FUNCTIONAL BLOCK DIAGRAM 
(ONE OF TWO DRIVERS) 


8 + 


3.0°C.W HEAT SINK 
Roig = SO'CW 


° + 


2°C.W HEAT SINK 
qua = 148CAV | 


25 50 75 100 125 18¢ 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


Dwg. FP010 


TRUTH TABLE 


Sink 
Driver 


Source 
Driver 


Function 


OFF 


OFF OFF 


Low <0.4V NA OFF ON OFF 
Low 0.6 Vt05.0V <Vyyo/10 ON ON ON 
Low 0.6 Vto5.0V >Vi 46/10 OFF ON Chopping 
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2966 
DUAL SOLENOID DRIVER WITH PWM CURRENT CONTROL 


ELECTRICAL CHARACTERISTICS at T, = +25°C, T, < + 150°C, V_, 


(unless otherwise noted). 


Characteristic 


Be 6 = GB Vs. Vengp = OV 


Limits 


Test Conditions 


Supply Voltage Range 


Output Drivers 


Control Logic 


Logic Input Voltage 


Sink Driver, V,, = 2.4 V, Voy, = 65 V 


Source Driver, V,., =2.4 VV, =0V 


OUT 
Sink Driver, oer =448A 


Source Driver, lo. =-4.8A 


= 4.0 A, 10% to 90%, Resistive Load 
= 4.0 A, 90% to 10% 


LOAD 


LOAD ’, Resistive Load 


Logic Input Current 


Viy=24V 


Vy = 0.8V 


THS(OFF) 


THs © 400 mV 


Lysion) 


THs = 500 MV, Veeuse = Vay9/ 10-5 


THS(HYS) 


Output Disable Voltage 


& = Viyg/9-5. Vig = 0.6 V 105.0 V 


SENS THS' 


Vinis/V sense Ratio 


At Trip Point, Vj 45 = 2.0 V to 5.0 V 


Supply Current 
(Total Device) 


Propagation Delay Time 
(Resistive Load) 


Thermal Shutdown Temp. 


Vin = 2-4 V, Outputs OFF 


Vin = 0-8 V, Outputs Open 


50% Vx, to 50% V, p Tum OFF 


50% V,, to 50% V., Tum ON 


100% Veen gp 10.50% Ver" 


SENSE 


Typical Data is for design information only. 
Negative current is defined as coming out of (sourcing) the specified device pin. 
*Where V, 2 V7./9.5 


SENSE ~ "THS’ 
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2966 
DUAL SOLENOID DRIVER WITH PWM CURRENT CONTROL 


CIRCUIT DESCRIPTION 
AND APPLICATIONS INFORMATION 


The UDN2966W high-current driver is intended for use as a 
free-running, pulse-width modulated solenoid driver. 


Circuit Description. In operation, the source and sink drivers are both 
turned ON by a low level at the input. The load current rises with time 
as a function of the load inductance, total circuit resistance, and supply 
voltage and is sensed by the external sense resistor (R,). When the 
load current reaches the trip point (I,,,,), the comparator output goes 
high and turns OFF the source driver. The actual load current will peak 
slightly higher than 1,,.,, because of the internal logic and switching 
delays. 


After the source driver is turned OFF, the load current continues to 
circulate through the sink driver and an external ground clamp diode. 
The rate of current decay is a function of the load inductance and total 
circuit resistance. 


An internal constant current sink reduces the trip point (hysteresis) 
until the decaying load current reaches the lower threshold, when the 
comparator output goes low and the source driver is again turned ON 
Load current is again allowed to rise to the trip point and the cycle 
repeats. 


Maximum load current and hysteresis is determined by the user 


Determining Maximum Load Current and Hysteresis. Trip current 
(I-. ») is determined as a function of resistance R, and the threshold 
voltage. V.,...: 


V 


| Sees 
SIP OR 


where V,.. = 10 * Vazgce = 0.6 V to 5.0 V. 


SENSE 


Pulling V.,., down to less than 0.4 V disables the source driver. 
turning the ioad OFF. This method of turn-OFF produces a relatively 


long current decay as compared with switching the input. When switch- 


ing the input. both the source and the sink driver are turned OFF. 
producing a fast current decay. 


Hysteresis percentage (H) is determined by resistance R,, and is 
independent of the load current: 


The chopping frequency is asynchronous and a function of the system 
and circuit parameters. including load inductance. supply voltage. 
hysteresis setting. and switching speed of the driver. 


Resistance R. is determined as: 


bal Seen ote 
Note that if V... = V,_-. then R. =e. 


External ground clamp power diodes are 
required at the source outputs (pins 5 and 8) 
for proper driver operation. To minimize power 
dissipation due to switching losses, these 
diodes should have a fast recovery time. 


Circuit Layout. To prevent interaction 
between channels, each of the two high-level 
power ground returns (the low side of the 
sense resistors) must be returned independ- 
ently to the low-level signal ground (pin 1). 
The circuit common (pin 1) can then be routed 
to the system ground. 


The printed wiring board should utilize a 
heavy ground plane. For optinum perform- 
ance, the driver should be soldered directly 
into the board. 


The power supply (V,...) Should be de- 
coupled with an electrolytic capacitor (>10 WF) 
as close as possible to pin 7. 


SUPPLY 


Dwg. OP 901 


TYPICAL WAVESHAPES 


— ——* fe ae — 
: lL eqegeiee pica 
nt (jes 
: | 
— 41] fins Gece eter 
rryrag | Nae 
PSouRcS Ls i il 
fo 
wat j wee 8 34 
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LLL — 
uuu 
Dwg. WP 6 
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8-CHANNEL SOURCE DRIVERS 


Recommended for applications requiring separate logic and load 
grounds, load supply voltages to 80 V, and load currents to 500 mA, 
the UDN2981A through UDN2984A/LW 8-channel source drivers are 
SS 7 used as interfaces between standard low-power digital logic and relays, 

solenoids, stepping motors, magnetic print hammers, and LEDs. 


UDN2981-84A The UDN2981A and UDN2983A drivers are for use with 5 V 

logic systems-TTL, Schottky TTL, DTL, and 5 V CMOS. The 
UDN2982A/LW and UDN2984A/LW drivers are intended for MOS 
interface (PMOS and CMOS) operating from supply voltages of 6 to 
16 V. The UDN2981A and UDN2982A/LW will withstand a maximum 
output OFF voltage of 50 V, while the UDN2983A and UDN2984A/LW 
will withstand an output voltage of 80 V. In all cases, the output is 
switched ON by an active high input level. All devices incorporate input 
current limiting resistors and output transient suppression diodes. 


UDN2982/84LW 


- 
oo 


Bea 
GeGl 


The suffix ‘A’ (all devices) indicates an 18-lead plastic dual in-line 
package with copper lead frame for optimum power dissipation. Under 
normal operating conditions, these devices will sustain 120 mA continu- 
ously for each of the eight outputs at an ambient temperature of +50°C 
and a supply of 15 V. 


VY 
J 


The suffix ‘LW’ (UDN2982LW and UDN2984LW only) indicates a 
surface-mountable wide-body SOIC package. 


FEATURES 


@ TTL, DTL, PMOS, or CMOS Compatible inputs 
m 500 mA Output Source Current Capability 
@ Transient-Protected Outputs 


Dwg. No. A-10, 243 


ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 


Output Voltage Range, V., @ Output Breakdown Voltage to 80 V 
(UDN2981A & m@ DIP or SOIC Packaging 
UDN2982A/LW) ......... 5Vto 50V 
(UDN2983A & 

UDN2984A/LW) .......- 35 V to 80 V 
Input Voltage, V),, 

(UDN2981A & UDN2983A) ...... 15V 

(UDN2982A/LW & 

UDN2984A/LW) «1.0... eee 20 V 
Output Current, logge ieee eens -500 mA 
Package Power Dissipation. 

Frisieetnt a saige: Seen t Tc eat elds See Graph 
Operating Temperature Range, 

Teas mili oe: toothed -20°C to +85°C 
Storage Temperature Range, 

Hid tee £5 aR sie 3 Piminines -55°C to +150°C 


Note that the UON2982/84A (dual in-line package) 
and UDN2982/84L W (small-outline IC package). 
respectively, are electrically identical and share a 
common pin number assignment. cee —— 
Always order by complete part number, e.g., [UDN2981A }. 


_| Note that all devices are not available in both package types. 
Da RA aE 
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2981 THRU 2984 
8-CHANNEL SOURCE DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C (unless otherwise specified). 


Applicable 
Characteristic Symbol Devices Test Conditions ig. in. : , 


Output Leakage Current logy UDN2981.82t Viy = 0.4 V*, Vs =50V,T, =+70°C 
UDN2983 84t Vin = 0-4.V*, Vs = 80 V, T, = +70°C 
t 


Collector-Emitter Vin = 2-4V, loys = 7100 mA 
Saturation Voltage mayeuare ere 
Voesany Viy= 2-4, our =- 
Vin = 2-4 Vs lous = 

Input Current = 9% 

NOs au. = 310 450 

UDN2982 84t =2., 
| ; 


Output Source Current Bu DN2981:83A Vinz24V. Vo, =2.0V 
DN2982. 84+ Vin=24V. Vo. =2.0V 
Supply Current I, DN2981-82t Vin =24V*, Vo =50V 
(Outputs Open) Smee i eine Se ey 
DN2983'84t Vin = 2-4V*. Ve = 80 V 
Clamp Diode UDN2981.82t V, =50V.V,.= 0.4 V* 
Leakage Current amy ia me 
UDN2983.84t V,=80V,V,=0.4V* 


|, = 350 mA 


Clamp Diode V. All 

Forward Voltage 

Turn-On Delay 0.5E, t00.5E.,,..R, = 1002, 
Turn-Off Delay 0.5E,,to0.5EQ,....R, = 1002, 


NOTES: Negative current is defined as coming out of (sourcing) the specified device terminal 
“All inputs simultaneously 
t Complete part number includes suffix to identify package style: A = DIP, LW = SOIC. 
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2981 THRU 2984 
8-CHANNEL SOURCE DRIVERS 


ONE OF EIGHT DRIVERS 


nN 
wo 


nN 
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2983/84 ONLY 


° 


HNPUT 


° 
a 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


ro 
a 


ORGUND 50 75 100 125 150 
AMBIENT TEMPERATURE IN °C 
Dwg No. A-10.242B Dwg. GP-018A 
TEST FIGURES 
FIGURE | FIGURE 2 FIGURE 3 
Vo V5 Ve 


I ! : 


Dwg. No A‘ 1.083 Dwg No. A-t*.084 Dwg. Na. A-11.088 


FIGURE 5 FIGURE 6 


Dwg. No. A-11.086 Dag Mo At" 08? Dwg. No. A-11.088 
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2981 THRU 2984 
8-CHANNEL SOURCE DRIVERS 


ALLOWABLE PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 


SERIES UDN2980A4 


500 


450 


> 
& 
ro 


t 
| 
| 
NT 


RECOMMENDED MAXIMU RECOMMENDED MAXIMUM QUTPUT CURRE 


a 
3 


w 
3 
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3 


eset 1 
NUMBER OF QUTPUTS™ 
EONCUCTING 
SIMULTANEOUS 


i i r) 
NUMBER OF OUTPUTS” j 
is CONDUCTING —™ 


SIMULTANEOUSLY 
1 


a 
3 


ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT 50°C 
ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT 70°C 


! 
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OUTPUT CURRENT 
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2981 THRU 2984 
8-CHANNEL SOURCE DRIVERS 


ALLOWABLE PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 


SERIES UDN2983/84A 


400 t 


| | 


RECOMMENDED MAXIMUM 


6 
ES) 


i 
MAXIMUM QUTPUT CURRENT 
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A 


1 


‘3 
Ged 


7 
|| 


ei 


Dwg. No. A-10.243 


ABSOLUTE MAXIMUM RATINGS 


at T, = 25°C 


Driver Supply Voltage, Vo .........-- 30 V 
Continuous Output Current, 


Pies Sse aie eg ot BG cates -250 mA 

Input Voltage, Vp ow. eee -20V 
Package Power Dissipation. 

soa Bessie heh en shin anodes Wi PRES oe 2.2 W* 


Operating Temperature Range. 
i ee ew AVL ApS BR tta as -20°C to +85°C 
Storage Temperature Range, 


Lh as dated an Bk Ae ite 3d -55°C to +150°C 


*Derate at the rate of 18 mW/°C above T,= 25°C 
Always order by complete part number: | UDN2985A | . 


8-CHANNEL SOURCE DRIVER 


Recommended for applications requiring separate logic and load 
grounds, load supply voltages to 30 V, and load currents to 250 mA, the 
UDN2985A source driver is used as an interface between standard low- 
power digital logic and LEDs, relays and solenoids. The outputs feature 
saturated transistors for low collector-emitter saturation voltages. 


The UDN2985A driver is for use with 5 V logic systems—TTL, 
Schottky TTL, DTL, and CMOS. This device has a minimum output 
breakdown rating of 30 V with a minimum output sustaining voltage of 
15 V. The output is switched ON by an active high input level. 


Under normal operating conditions, this device can source up to 
120 mA for each of the eight outputs at an ambient temperature of 75°C 
and a supply voltage of 15 V. It incorporates input current-limiting 
resistors and output transient suppression diodes. 


The UDN2985A source driver is supplied in an 18-lead dual in-line 
package. All inputs are on one side of the package, output pins on the 
other, to simplify printed wiring board layout. 


FEATURES 


M TTL, DTL, or CMOS Compatible Inputs 

@ 250 mA Output Source Current Capability 
@ Output Transient-Suppression Diodes 

@ 30 V Minimum Output Breakdown Voltage 
@ Low Output-Saturation Voltage 


PARTIAL SCHEMATIC DIAGRAM 
1 OF 8 DRIVERS gv 


a 


INPUT 


f° OUTPUT 


Dwg. No. 0S-1013 
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2985 . 
8-CHANNEL SOURCE DRIVER 


ELECTRICAL CHARACTERISTICS at T, = 25°C, Vo =30V (unless otherwise noted). 


Characteristics Test Conditions Min. Typ. Max. 
Vin = 0-4 V, Voyy = OV — <-1.0 


CE(SAT) Viy = 2-4, lyr = 760 mA 


Viy = 2-4: boy = 7120 mA 


Clamp Diode VQ =30V,T, = 70°C 
Leakage Current 


Clamp Diode I. = 120 mA 
Foward Voltage 


Turn-On Delay 


Turn-Off Delay 


NOTE: Negative current is defined as coming out of (sourcing) the specified device pin. 


COMMON-CATHODE LED DRIVER 


TO OTHER DIGITS 


UDN2985A UDN2597A 


Dwg. No. DS-1014 
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2987 


8-CHANNEL SOURCE DRIVER 
WITH OVER-CURRENT PROTECTION 


Providing over-current protection for each of its eight sourcing 
outputs, the UDN2987A driver is used as an interface between stan- 
dard low-level logic and relays, motors, solenoids, LEDs, and incandes- 
cent lamps. The device includes thermal shutdown and output transient 
protection/clamp diodes for use with sustaining voltages to 35 V. 


OUT} 


OUT2 In this driver, each channel includes a latch to turn OFF that 
channel if the maximum channel current is exceeded. All channels are 


ee disabled if the thermal shutdown is activated. A common FAULT output 

OUT, is used to indicate either chip thermal shutdown or any over-current 
condition. All outputs are enabled by pulling the common OE/R input 

OUTs high. When OE/R is tow, all outputs are inhibited and the eight latches 


are reset. The UDN2987A is supplied in a 20-lead dual in-line plastic 
Outs package. 


Ouie Under norma! operating conditions, each of eight outputs will 

OUTS source in excess of 100 mA continuously at an ambient temperature of 
25°C and a supply of 35 V. The over-current fault circuit will protect the 

GROUND device from short-circuits to ground with supply voltages of up to 35 V. 

Vs The inputs are compatible with 5 V and 12 V logic systems—TTL, 


Schottky TTL, DTL. PMOS, and CMOS. In all cases, the output is 
switched ON by an active high input level. 


Dwg. No. A-13.285 FEATURES 


@ 350 mA Output Source Current 

@ Over-Current Protected 

@ Internal Ground Clamp Diodes 

@ Output Breakdown Voltage 35 V. Minimum 

@ TIL, DTL, PMOS. or CMOS Compatible Inputs 


ABSOLUTE MAXIMUM RATINGS Hf internal Thermal Shutdown 


at Ty = +25°C 


Driver Supply Voltage, Vo. .......... 35 V 
Output Sustaining Voltage, Vogiguss 0 89 V 
Continuous Output Current, 


Wiis os eetonene th og Se egeee -500 mA* 
FAULT Output Voltage, Vo... 6.2... 35 V 
FAULT Output Current, |,. .....--. 30 mA 
Input Voltage, Vij. oe. eee 15V 
Package Power Dissipation, 

Bey hart OG en toate mang ast See Graph 
Operating Temperature Range, 

Tg BES eben es ea -20°C to +85°C 
Storage Temperature Range, 

Teg tiNoadiecuia ary teed -55°C to +150°C 


*“ Outputs are disabled at approximately -500 mA 
per driver. 


Always order by compiete part number: |UDN2987A |. 


ra el 
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2987 
8-CHANNEL SOURCE DRIVER 
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ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 
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Dwg, GS-004-1 


OVER-CURRENT FAULT SENSE 
Vs 
O 


+ 


MATCHED Vv 
SENSE 


Tioap 


I Rrer 
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FUNCTIONAL BLOCK DIAGRAM 


ONE OF EIGHT DRIVERS 
COMMON CONTROL 


Dwg. No. A-13,286 


OUTPUT CURRENT WAVESHAPES 


Vin-a = ViN-B 


as | tPHL 
OE/R mee 
fits OUTPUT A SHORTED 


MOMENTARY FAULT (< 1s) 


+ 


Dwg. No. A-13,293 


2987 
8-CHANNEL SOURCE DRIVER 


ELECTRICAL CHARACTERISTICS at T, = 25°C, Vor = 2-45 V5 = 35 V 


(unless otherwise noted). 
Test Conditions 


7a 
cee 1.6 1.8 


Vv 
HA 


rH 


Functional Supply Range 
Output Sustaining Voltage = -350 mA, L = 2.0 mH 


Output Saturation Voltage ie =2.4V. 1, =-100 mA j Vv 
Vin =24V, lo, = -225 mA = 1.7 5 i. g - v 
Vin = 2-4 V, log = 7350 mA _ 1.8 “20 Vv 


> 


Channel Shutdown Threshold |, | Vy = 2-4 V 400-500 — 
FAULT Leakage Current —_—— 


FAULT Saturation Voltage 


Input Voltage 


Input Current 


‘J 
> 


uA 
LA 


_— 
> 


Vp =35V, 7, = 70°C 
|, = 350 mA 
Viyez24 Vv". SUtpuls pay 
Vy 04Ve 


< 


|=) 
>| > 


Supply Current 


Thermal Shutdown ee meee cee eee 


R, = 1002 


= 
wo 


Propagation Delay Time 


R, = = 1000 


Sc oe ec Pee ie 


“All inputs simultaneously. 
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2987 
8-CHANNEL SOURCE DRIVER 


ALLOWABLE OUTPUT CURRENT APPLICATIONS INFORMATION 
AS A FUNCTION OF DUTY CYCLE AND CIRCUIT DESCRIPTION 


ah As with all power integrated circuits, the 
AT +25°C UDN2987A has a maximum allowable output 
current rating. The 500 mA rating does not 
imply that operation at that value is permitted or 
even obtainable. The channel output current 
trip point is specified as -400 mA, minimum; 
therefore, attempted operation at current levels 
greater than -400 mA may cause a fault 
indication and channel shutdown. The device 
is tested at a maximum of -350 mA and that is 
the recommended maximum output current 
. ee per driver. It provides protection for current 
NUMBER OF OUTPUTS overloads or shorted loads up to 35 V. 
CONDUCTING SIMULTAN 


400 


IN mA AT +25°C 


All outputs are enabled by pulling the 
OE/R input high. When OE/R is low or allowed 
to float (internal pull-down), ail outputs are 
inhibited and the latches are reset. Note that 
the RESET pulse duration (OE/R low) should 
be at least 1 us. This will ensure safe operation 
under attempted RESET conditions with a 
0 10 20 30 40 50 60 70 80 90 100 shorted load. The latches are also reset during 

PERCENT DUTY CYCLE power-up, regardless of the state of the OE/R 
input. 


COLLECTOR CURRENT 


Dwg. No. A-13,288 


The load current causes a small voltage 
drop across the internal low-value sense 
resistor. This voltage is compared to the 
voltage drop across a reference resistor with a 
constant current. The twe resistors are 
matched to eliminate errors due to manufactur- 
ing tolerances or temperature effects. Each 
channel includes a comparator and its own 
latch. An over-current fault (Voeuce > Vie) will 
set the affected latch and shut down only that 
channel. All other channels will continue to 
operate normally. The latch includes a1 us 
delay (t,) to prevent unwanted triggering due to 
crossover Currents generated when switching 
inductive loads. For an abrupt short circuit, the 
delay and output switching times will allow a 
brief. permissable current in excess of the trip 
current before the output driver is turned OFF. 


AT +50°C 


NUMBER OF OUTPUTS 
CONDUCTING SIMULTANEOUSLY -~ 


A common thermal shutdown disables all 
outputs if the chip temperature exceeds 
+165°C. At thermal shutdown, all latches are 
reset. The outputs are disabled until the chip 
cools down to about +150°C (thermal 
hysteresis). 


COLLECTOR CURRENT IN mA AT +50°C 


A common open-collector FAULT output is 
Dwg, No A-13.289 used to indicate any char nel over-current 
condition or chip thermal shutdown. 
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LOAD SUPPLY 


DUAL H-BRIDGE MOTOR DRIVERS 


UDN2993B 


ENABLE 4 ENABLE g 


PHASE a PHASE 8 


GROUND 


GROUND 
GROUND 


GROUND 


OUT iA 


OUT 1B 


OUT aa 


OUT2g 


Vea VEB 


Dwg. No. A-12.455 


ABSOLUTE MAXIMUM RATINGS 
at T, < +150°C 


Load Supply Voltage, Va,....------- 40V 
Logic Supply Voltage, Viy...-..---5 7.0V 
Logic Input Voltage Range, Voyage OF 

Meniaaiertunee wate 0.3VtoV,,+0.3V 
Output Current, loupe eee +600 mA 
Sink Driver Emitter Voltage, 

Mie on Per 5 Nadle otee Aan e ante iat 15V 
Package Power Dissipation, 

Pie Gaacaen tates en tnan’ See Graph 
Operating Temperature Range, 

Dig Rn See net eens -20°C to +85°C 
Storage Temperature Range, 

Nae ee bvese see -55°C to +150°C 


IMPORTANT: Load supply voltage must never be 
applied without logic supply voltage present. 


NOTE: Output current rating may be limited by 
chopping frequency, ambient temperature, airflow, 
and heat sinking. Under any set of conditions, do 
not exceed the specified maximum current and a 
junction temperature of +150°C. 


LOGIC SUPPLY 


Brushless dc or bipolar stepper motors to 40 V and 500 mA per 
phase are economically driven with the UDN2993B and UDN2993LB 
dual H-bridge drivers. Each pair of full-bridge drivers has separate input 
level shifting, internal logic, source and sink drivers in an H-bridge con- 
figuration, and internal clamp diodes. Monolithic, space-saving con- 
struction offers reliability unobtainable with discrete components. 


Except for supply voltages, the two H-bridges are independent. The 
ENABLE function is provided for each bridge to allow pulse-width 
(chopper) modulation with the use of external choppers. The chopper- 
drive mode is characterized by low power-dissipation levels and 
maximum efficiency. A PHASE input to each bridge determines load- 
current direction. In addition, the emitters from each bridge are exter- 
nally available to allow the addition of current-sensing circuitry. Both 
devices provide an internally generated dead-time to prevent crossover 
currents during changes in load-current phase. 


These devices are packaged in plastic DIPs (suffix B) or surface- 
mountable wide-body SOICs (suffix LB) with copper lead frames for 
optimum power dissipation without heat sinks. The lead configurations 
allow automatic insertion, fit standard IC sockets or printed wiring board 
layouts, and enable easy attachment of a heat sink for maximum 
power-handling capability. The heat-sink tabs are at ground potential 
and require no insulation. 


Dual full-bridge drivers with peak current ratings of +3 A are 
supplied as the UDN2998W. 


FEATURES 


+600 mA Output Current 

Output Voltage to 40 V 

Crossover Current Protection 
TTL/NMOS/CMOS Compatible Inputs 
Low Input Current 

Internal Clamp Diodes 

DIP or SOIC Packaging 


Always order by complete part number: 


; PartNumber Package 
| UDN2993B _—_16-Pin DIP 
UDN2993LB —-20-Lead Wide-Body SOIC 
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2993 ; 
DUAL H-BRIDGE MOTOR DRIVERS 


UDN2993LB 
FUNCTIONAL BLOCK DIAGRAM 
LOAD LOGIC (One of Two Drivers) 
SUPPLY SUPPLY 
ENABLE, ENABLE g 
PHASE, PHASE 8 
GROUND GROUND 
GROUND GROUND 
GROUND GROUND 
GROUND GROUND 
OUT A OUTi a 
OUT oa OUTag nee 
Lv] 
Vea Ves O 


Owg. No. A-14,340 Dwg. No. A-12,447 


TRUTH TABLE 


Enable 
Input Output 1 Output 2 


o 
= VENABLE 
Zz 
g 
= VPHASE 
< 
o 
7] 
n + 
a 
[va 
¥ lout 
oO 
a 
i S 
G 
< 
x 
) ‘A 
< 
a 
wi 
ad 
a 
3 SANDRA, eaters: 
3 25 50 75 100 125 150 
< TEMPERATURE IN °C 
Dwg, GP-021 Dwg. No. A-12,448 
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2993 
DUAL H-BRIDGE MOTOR DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V,, = 40 V, V,, = 5 VV, = 0V, Ty < +150°C 


Figure I (unless otherwise noted). 
Characteristic Test Conditions Min. 7 P | units | 


Output Drivers 
Operating Voltage Range 
loex Venaace = 0-8 V, Vous = Veg: Note 2 : pA 
Venaace = 0-8 V, Voyy = 0 V, Note 2 — yA 
Output Saturation Voltage Vegisat) Vewapce = 2:4 Vs loyy = 500 mA — 1.6 1.8 Vv 
Venapce = 2:4 Vs loyy = 500 MA — 1.6 2.0 Vv 
Output Sustaining Voltage \oyy = £500 mA, Figure 2, Note 2 40 50 _ 
Motor Supply Current \gaon) Venasie = 2:4 V; Outputs Open, Note 2 
laacoFF) Venasie = 0-8 V, Outputs Open, Note 2 
Source Driver Rise Time lout = 500 mA, V5, = 30 V 


if 


Control Logic (PHASE or ENABLE) 


Logic Input Current 


Output Leakage Current 


puase Of Venaate = 2-4 V 
orV =0.8V 


PHASE ENABLE 


Logic Input Voltage 


Logic Supply Current 
Turn-On Delay Time 


NOTES: 1. Each driver is tested separately. 
2. Test is performed with Vo..ase = 0.8 V and then repeated for Vouase = 2:4 V. 
3. Negative current is defined as coming out of (sourcing) the specified device pin 
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2993 
DUAL H-BRIDGE MOTOR DRIVERS 


TYPICAL APPLICATION 
2-PHASE BIPOLAR STEPPER MOTOR DRIVE 
(Chopper Mode) 
+5V 4+36V +5V 


Dwg. No. A-12,453 


+5V 

INPUT A | as cee eee a 
oO 
+ 5V 

INPUT B 2 a oo 
ie) 


Dwg. No. A-12,454 
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TEST FIGURES 


FIGURE 1 


FIGURE 2 


Dwg. No. A-12,449 


IFO 


Dwg, No. A-12,450 


2998 


DUAL FULL-BRIDGE 
MOTOR DRIVER 


As an interface between low-level logic and solenoids, brushless 
dc motors, or stepper motors, the UDN2998W dual full-bridge driver wilt 
operate inductive loads up to 50 V with continuous output currents of 
up to 2 A per bridge or peak (start-up) currents to 3 A. The control 
inputs are compatible with TTL, DTL, and 5 V CMOS logic. Except for a 
common supply voltage and thermal shutdown, the two drivers in each 
package are completely independent. 


GROUND L- 


PHASE, (© 


ENABLE, [= 


For external PWM control, an Output Enable for each bridge circuit 
is provided and the sink driver emitters are pinned out for connection to 
external current-sensing resistors. The chopper drive mode is charac- 
terized by low power dissipation levels and maximum efficiency. A 
PHASE input to each bridge determines load-current direction. 


Extensive circuit protection is provided on-chip. Both ground-clamp 
and flyback diodes for each bridge are provided. A thermal shutdown 
circuit disables the load drive if chip temperature rating (package 
power dissipation) is exceeded. Internally-generated delays provide 
crossover-current protection. 


The UDN2998W is packaged in a 12-pin single in-line power tab 
package for high power capabilities. Driving either of the bridges at the 
full 2 A de rating requires the use of an external heat-sink. The tab is at 
ground potential and needs no insulation. 


A similar dual full-bridge driver for use with continuous load 
currents to 500 mA is the UDN2993B. 


FEATURES 


@ +3 A Peak Output Current 
ABSOLUTE MAXIMUM RATINGS @ Output Voitage to 50 V 
at T, < +150°C @ Integral Output Suppression Diodes 
Y @ Output Current Sensing 

SUPP WONAGG, Maps teahee ety itis Ds any ™@ TTL/CMOS Compatible Inputs 
Output Current, |,y, (DC)... 2.2.2... =2A @ Internal Thermal Shutdown Circuitry 

(Peak): cis terati eh ts naahat on =3A ™@ Crossover-Current Protected 
Sink Driver Emitter Voltage, V. ...... 1.5V 
Logic Input Voltage Range, 

Vouase Of Venapie 70.3 Vito 15 V 
Package Power Dissipation. 

Pie ich cxtiuclagteeth. £4 Ot bA cen See Graph 
Operating Temperature Range, 

Tessie sgt dte gh ace -20°C to +85°C 
Storage Temperature Range, 

T -55°C to +150°C 


NOTE: Output current rating may be limited by 
chopping frequency. ambient temperature, air 
flow. or heat sinking. Under any set of conditions, 
do not exceed the specified current rating or a 
junction temperature of +150°C. 


Always order by complete part number: [UDN2998W. . 
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2998 © 
DUAL FULL-BRIDGE MOTOR DRIVER 


FUNCTIONAL BLOCK DIAGRAM 


THERMAL 
SHUTDOWN 


(ONE OF TWO DRIVERS) 


Ves 


ENABLE 
(ACTIVE LOW) 


TURN-ON 
DELAY 


Dwg. No. W-107A 


oO 


To maintain isolation between integrated circuit components 
and to provide for normal transistor operation, the ground tab must 


be connected to the most negative point in the external circuit. 


——+ 
3.0°C/W HEAT SINK 


Playa = 50°C 


PEAT SINK TRUTH TABLE 
14°C 
ENABLE PHASE 
INPUT INPUT OUTPUT 1 OUTPUT 2 
Low Low 


High 
Low 
Open 


SA 


FREE AIR, Rea » BB°CA 


oO 
nN 
a 


50 75 100 125 150 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 
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2998 
DUAL FULL-BRIDGE MOTOR DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, T, S$ +150°C, V,, = 50 V 


Symbol Min, Typ. Max. | Units _| 


Output Drivers 


Operating Voltage Range Vep 


Output Leakage Current loex Vour = 50 V. Venagie = 2-0 V, Note 2 
Vour = 9 Venasie = 2-0 V, Note 2 
Output Saturation Voltage Jour = 1A, Sink Driver 
lout = 2 A, Sink Driver 


loyr = 71 A, Source Driver 


layy = 72 A, Source Driver 


Supply Current 


Control Logic (PHASE or ENABLE) 


Logic Input Voltage 


orV 
or V, 


Logic Input Current 


PHASE ENABLE ~ 


PHASE ENABLE 


Turn-Off Delay Time 


NOTES: 1. Each driver is tested separately. 
2. Test is performed with V,., ,¢- = 0.8 V and then repeated for Voyage = 2-0 V 
3. Negative current is defined as coming out of {sourcing) the specified device pin. 
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DUAL FULL-BRIDGE MOTOR DRIVER 


VENABLE LALLA 
VPHASE | | | | | | | 


= 
eee Ls 


= 


Dwg. WM-001 


TYPICAL APPLICATION 
2-PHASE BIPOLAR STEPPER MOTOR DRIVE 
(Chopper Mode) 


INPUT A | | | | 
QO 
oy a i= PHASE a Q-———— L—O PHASE g 
INPUT 8 { 
ie) 


Dwg. No. A 12 454 


ENABLE A ENABLE B 
x 
2 
=x x 
wo _ \ ey io 
ios 
+5V oa ont 77 — O+5V 
91K 12) aK fs wy sk fo 91K 
woe 20 2 ex 
23 OT ooo Te ee 
Ga Yee of 


Dwg. EP-025 
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a VY 


; i ; 
Kk — Woke n 
=) > > > > 
a a v a + 
z 25 ie 
pa, = —| =) 

<< oO 
io) i=) a 
2 2S 
= = 
= — 
a a co 
wal ws sor! 
> > n 
2 <2 
1 
= 
So 
2 

Dwg. No. PS-002 


ABSOLUTE MAXIMUM RATINGS 
at Ty = +25°C 


Supply Voltage Differential 


CAVED Vie) soit icibakinds lou Fol wselh 28 V 
Peak Output Current. Iup o.oo “3.5A 
Input Voltage Range. 

Vinh beeen ds +V, to -V.-0.3 V 
Package Power Dissipation, 

Piha ghar t deens wautigrd ved See Graph 
Operating Temperature Range, 

Apel eaay tity te regent oes ASE Ee 0°C to +70°C 


POWER OPERATIONAL 
AMPLIFIER 


As a combination general-purpose operational amplifier and power 
booster, Type ULN3751Z integrated circuit simplifies circuit design, 
reduces component count, and enhances system reliability. 


This power op amp features high-impedance differential inputs, a 
unity-gain stable amplifier that needs no external compensation, and a 
high-current power output. Typical applications include use as voice- 
coil motor drivers. linear servo amplifiers, power oscillators, bipolar 
voltage regulators. and audio power drivers. 


The ULN37512Z is for applications demanding up to +3.5 A of output 
current. It is furnished in a modified 5-lead JEDEC-style TO-220 plastic 
package. Lead forming for vertical or horizontal mounting is available 
(ULN3751ZV or ULN3751ZH). The heat sink tab is at substrate poten- 
tial and must be insulated from ground when the device is used with a 


split supply. 


This power op amp operates over a recommended supply voltage 
range of +3 V to =13 V. Dual power op amps are available as the 
ULN3755B (16-pin DIP) and the high-power ULN3755W (12-pin SIP). 
Both of those devices include output current sensing and a voltage 
boost connection to maximum output voltage swing to +20 V supplies 
at up to +3.5 A peak output current. 


FEATURES 


+3 V to +13 V Operation 

High Output Swing 

Peak Output Current to +3.5 A 

Low Input Offset 

90 dB Typical Open-Loop Gain 

Internal Thermal Shutdown 

High Common-Mode Input Range 

Unity Gain Stable 

Pin Compatible with L165. L465, S$G1173 
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3751 
POWER OPERATIONAL AMPLIFIER 


ELECTRICAL CHARACTERISTICS at i. = 25°C, Ty < +150°C, Vy =t6.0V 
(unless otherwise noted). . . 


3 3 


Characteristic 


Functional Supply Voltage Range 


2 
=) 
| 


Quiescent Supply Current 


Input Bias Current 


pal = 
BL = 


BW = 40 Hz to 15 kHz 
BW = 40 Hz to 15 kHz 
Poyy = 50 mW, R, = 42 


oe 

roy 
| 

< 


° 
oF 


/ 
me} 
; 


Positive 


Negative 


| 


; 


t Typical values given for circuit design information only. 


AAVID 59718 + 50728 HEAT SINKS, 


Rojas 9.0°CW 


STAVER V1-5 HEAT SINK, 
Roja= 13°CAN 


FREE AIR, R 65° CW 


25 50 75 100 125 150 
TEMPERATURE IN °C 


lA 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 
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3751 
POWER OPERATIONAL AMPLIFIER 


TYPICAL APPLICATIONS 


UNITY GAIN VOLTAGE FOLLOWER 


O 
INPUT 


Dwg. No. A-12.551 


NON-INVERTING POWER AMPLIFIER 


CAPACITANCE VALUES IN uF. 


Dwg. No. A-12.552 


LINEAR VOLTAGE REGULATOR 


O Vec = 6V TO 25V 


2. 75V 
REF. 
TL431 
OR EQUIV, 


VOLTAGE 
ADJUST 


Rl R2 
Vg=2. 75V f + RZ 


= CAPACITANCE VALUES IN pF. 


Dwg, No. A-12,.553A 


HIGH-POWER LINEAR REGULATOR 
(Short-Circuit Protected) 


Voc = 6 TO 25V 


2N2708 


ee 


TL431 


Yo 


VOLTAGE 
ADJUST 


7 Re 
Vz 2. 75V [i + 4 


CAPACITANCE VALUES IN pF. 


Dwg. No. A-12,554B 


3-119 


POWER OPERATIONAL AMPLIFIER 


TYPICAL APPLICATIONS 


WIEN BRIDGE 
OSCILLATOR/MOTOR DRIVER 


0. 33 8.2K 
8.2K 


Dwg. No. A-12,376B 


SIMPLIFIED SERVO APPLICATION 
WITH CONTROL TRANSFORMERS 


CON THOL CONTROL 
TRANSMIT tt fe TIAN FORME fe 
cr Sr leet 


/ f GEAR TRAIN 
/ / - 
2 wi NPUT Lett eta 
ANGI F - 
| MECH 
LOAD 


Dwg. No. A-14,250 
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VIDEO MONITOR 
VERTICAL DEFLECTION AMP. 


49: YOKE 


0.52 


Dwg. No. A-12.375A 


SINGLE-ENDED POSITION SERVO 
WITH SENSE POTENTIOMETER 


FROM UP CONTROL 


\ 6V O-€ MOSOR 
| 
a = 
ew] 
1 i i - 
\ ' 
\ Sin 
i 
i 
1 al ' 
1 ' 
' MECHANICAL DRIVE LINK L : 
Ue ee Os a eee eis eee oy 


RI, R2 DEFINE D-C CAIN, 
3, CL PICKED 10 PROVIDE LOUP COMPENSATION, 
CAPACITANCE VALUES IN uF 


Dwg. No. A-*2,558 


8 Wits) 


DUAL POWER 
OPERATIONAL AMPLIFIERS 


Consisting of two high-power operational amplifier circuits ina 
single in-line power-tab package or a batwing dual in-line package, 
the ULN3755B and ULN3755W are specifically designed to drive 
high-current linear servo loads such as voice coil motors used in disc- 
drive applications. Their building block design concept also makes 


ULN3755B 


+ 
Ng 


~V, / SUBSTRATE 


them ideal for a wide variety of other motor drive applications, for use 
RUTEME PUTRUT as audio power amplifiers, power oscillators, and linear voltage regula- 
CURRENT SENSE CURRENT SENSE tors. Low crossover distortion eliminates servo hunting under null 
conditions and ts required for most audio applications. 
yeas eer The inputs are designed to allow a wide common mode range from 
7X Ls L the negative supply (or ground in single supply applications) to within 
“aoost 4 | — Ysoost approximately two volts of the positive supply. Common-mode and 
INVERTING INPUT |e INVERTING INPUT power supply rejection are in excess of 60 dB. The amplifiers’ wide 
NON- INVERTING 5} NON- INVERTING output swing is complemented by current sensing, which is referenced 
INPUT INPUT to the negative supply and allows for feedback as required to produce a 
transconductance characteristic. 
eae a Separate supply pins are provided for the low-level input and high- 
level output circuits to allow voltage boost or bootstrapping to maximize 
output swing. 

The ULN3755B is furnished in a 16-pin dual in-line package with 
copper heat-sink contact tabs. It can typically dissipate 6 W at a tab 
temperature of +70°C. The lead configuration enables easy attachment 
of a heat sink while fitting a standard socket or printed wiring board 
layout. For higher power requirements, the ULN3755W is supplied in a 

ABSOLUTE MAXIMUM RATINGS 12-pin single in-line power-tab package. It can safely dissipate signifi- 
cantly higher power levels with appropriate heat sinking. With either 
Supply Voltage Differential package configuration. the heat sink is at the negative supply. or 
(+Vg 10-Ve). ose. verre 40V ground in a single-ended application. 
Peak Supply Voltage (50 ms} ....... 45 Vv 
Continuous Output Curren: |. FEATURES APPLICATIONS 
Ns : es are eee _— oe @ Operating Supply Range @ Dual Half-Bridge and Full-Bridge 
Pe et Segtia cates Reb unde : +3 to +20 Volts Motor Drivers 
Peak Output Current. 5.5 @ Output Current to +3.5 A Peak Linear Servo Motors 
(SO0Ms) 00... 8A @ Output Current Limiting Voice Coil Motors 
Package Power Dissipation. @ Output Current Sensing AC and DC Motors 
Ppvcssor sees ssses +... See Graphs M@ High Output-Voltage Swing Microstepping Applications 
Operating Temperature Range ™@ Low Crossover Distortion @ Power Transconductance 
Te Dae ie ed “eG toeeo C M@ Low Input Offset Voltage Amplifier 
Storage Temperature Range ™@ Unity-Gain Stable ™@ Audio Power Amplifier 
the eave pears BB ETO 4125.0 @ High Open-Loop Gain Stereo or BTL 
@ Output Protection Diodes @ Power Oscillator/Amplitier 
Always order by complete part number: _ @ Thermal Shutdown Protection i Dual Bipolar Voltage Regulator 
; PartNumber | Package @ Excellent Supply and 
' ULN3755B | 16-Pin DIP = Common-Mode Rejection 
; ane - @ Single or Dual In-Line 
| ULN3755W |.12-Pin Power-Tab SIP Power Packages 
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ULN3755B ULN3T55W 


HEAT SINK 
aya 7 E: OPCW 


V HEAT SINK 
Ja = 14. 


FREE AIB, Ry in 


l_ 
25 50 75 100 125 150 
TEMPERATURE IN °C 


o 
e 
= 
< 
Es 
z 
z 
i} 
= 
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o 
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al 
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25 50 75 100 125 150 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


Dwg. GP-004 
ULN3755W NON-INVERTING AMPLIFIER 
cout 
> 
P| Four Re 
— t+ 
IN Rin 
1 2 Wy} 2 IF R, = O or Ry, = ee THEN Eqyy = E Dwg. No. A-13,06 1 
5 5 8 Y 5 £2? 5 g 8B SB 
a a o 7 2 a + a@ 2 SS 3S y al 
= 2 3» 42 5 € 5 4 2 2 INVERTING AMPLIFIER 
Q cc) ke o n oO F g g 
< z 2 o z 2 fa 
© & id Fa id & & - 7 E 
WW Ww a “4 WwW 
z 3 3 2 FA z Z IN F ‘OUT 
z 5 7 
3 co) IN 
Dwg. No. A-13.064 
R, 
“OR 


Dwg. No. A-13,062 
ae a IT 
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3755 
DUAL POWER OPERATIONAL AMPLIFIERS 


ELECTRICAL CHARACTERISTICS at T, = 


#25°C, T, < 


+150°C, V. = 46.0 V, 


Fae = +9.0 V, each amplifier tested separately (unless otherwise specified). 


Limits 
Characteristic Test Conditions Min Typ. 
Functional Supply Voltage Range ULN3755B. +V., to -V. | 6.0 _ 
~ULN3755W. +V, to Ve a 23 - 
Quiescent Supply Current lgooe- (Each Amp.) — 7 
4lg (Toa) = 75 

nput Bias Current Ve 729 - -80 
nput Offset Voltage V5.7 = 9. Igy, = 0 — 11.0 
nput Offset Voltage TCT Over Operating Temperature Range = “5 
nput Offset Current Vour = 9: lous = 0 — 10 
nput Noise Voltaget BW = 40 Hz to 15 kHz | as eas 4.0 
nput Noise Current? BW = 40 Hz to 15 kHz — 60 
Crossover Distortion? P.. += 50 mW, R, = 4Q T= 0.2 
Common Mode Rejection AVi,=3V 60 85 
Input Common Mode Range’ | Yee eh Vv 6.3 a8 

Ve=:15V0—<—s~si‘“s:™*WSC aad 
Open-Loop Voltage Gain f=0 80 100 
Slew Rate Vi, = Vs, = 6 Vpp 0.5 1.0 
Gain-Bandwidth Product? A, = 40 dB ~— 800 
Channel Separation” in. = 100 MA. f = 1 kHz — 60 
Output Voltage Swing lnu-= 1A. Vegog7 = +8 V Th 9.0 9.5 

loy-= 1A Vapor =49V0 9.5 101 
Supply Voltage Rejection +V.0\Ve1TV 60 85 

Vs. \V=1V 7 | 60 80 —f aB- 
Thermal Resistance. R,).” ULN3755B — — 15 Ciw 

ULN3755W = = 30 | CW. 
Thermal Shutdown Temp.* —_ 165 — Cc 


* This parameter is tested to a lot sample plan only 
t Typical values given for circuit design information oniy 
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3755 
DUAL POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


INPUT OFFSET VOLTAGE AS A INPUT BIAS CURRENT AS A 
FUNCTION OF TEMPERATURE FUNCTION OF TEMPERATURE 


cou) 
oO 


B& 
ie} 


f 
fe) 


INPUT BIAS CURRENT IN nA 


is) 


INPUT OFFSET VOLTAGE IN mV 
w 
oO 


fo) 
-20 ° 20 40 60 80 100 -20 oO 20 40 60 80 100 
TEMPERATURE IN °C TEMPERATURE IN °C 
Dwg. No. A-13.294 Dwg. No. A-13.295 
OPEN-LOOP VOLTAGE GAIN AND PHASE OPEN-LOOP VOLTAGE GAIN AS A 
AS A FUNCTION OF FREQUENCY FUNCTION OF TEMPERATURE 
100 120 
i a 
ae) 
Zz 80 (9) Z 100 H#———4 
> 3 
< vn 4 
Z 60 45 Gj = 80 
4 a q 
Q 40 90 E w 60 
3 ~ e 
8 2 8 
2 20 135 <> 40 
Q a o 
Xe S 
z 0 180 z 20 
° fe) 
-20 fe) 
10! 10? 10? 104 105 10 107 -2C ) 20 40 60 80 100 
FREQUENCY, f, IN Hz TEMPERATURE IN °C 
Dwg. No. A-13.296 Dwg. No. A-13.297 
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IN mA 


SUPPLY CURRENT, Ics, 


3755 | 
DUAL POWER OPERATIONAL AMPLIFIERS 


80 


D 
je) 


as 
(2) 


ie) 5 10 15 20 25 30 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE SWING AS A 
FUNCTION OF OUTPUT CURRENT 


IN VOLTS 


OUTPUT VOLTAGE, Vout, 


ie) 1.0 


SUPPLY CURRENT AS A FUNCTION 
OF SUPPLY VOLTAGE 


5 49 50 
SUPPLY VOLTAGE DIFFERENTIAL, AVs, I'S VOvTS 


w 


Dwg. No A ‘3.299 


2.0 36 
OUTPUT CURRENT iN AMPERES 


IN mA 


BOOST CURRENT, Igoost. 


Dwg. No. A-13.298 


BOOST CURRENT AS A FUNCTION 
OF BOOST VOLTAGE 


5 5 10 15 20 25 30 35 40 50 
BOOST VOLTAGE, Vgoost, IN VOLTS 


Dwg. No. A 13.300 
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DUAL POWER OPERATIONAL AMPLIFIERS 


VOLTAGE DOUBLER BOOST SUPPLY 
(ULN3755W pin numbers shown) 


+ Vz 
O 


Dwg. No. 13.088 
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APPLICATIONS 


INCREASED OUTPUT-VOLTAGE SWING 


if a voltage higher than the supply is applied to the ULN3755B/W’s 
boost pins, the positive output swing is limited only by the saturation 
resistance of the output transistors (typically fess than 0.5 ohms). 
For example, with a 12 V supply, the circuit typically supplies a 10.5 
Vpp output swing at 1 A output current. Note that the externally-sup- 
plied boost voltage should be at least 3 V higher than the load supply 
voltage. This criterion satisfied, the boost voltage can be any value 
within the IC’s 40 V absolute maximum rating. 


Although the boost feature provides important additional output 
swing at the amplifier’s full rated current, the IC’s boost input requires 
only a low, unregulated current. This can be obtained from inexpensive, 
modular de to dc converters, a simple overwinding in the motor, or a 
voltage doubler from the motor’s driven phases. 


An example of a simple voltage doubler boost supply is shown. 
This circuit affects the doubling by connecting a series diode-capacitor 
between the main supply and each end of the load. 


APPLICATION TIPS 


1. Due to the nature of the composite PNP/NPN output structure, all 
applications of these devices require use of an output R-C compen- 
sation network, as shown in Figures 2, 4, and 5. Values shown are 
typical and will vary somewhat depending on load impedance. 


2. As is the usual practice in high-gain power circuits, input and output 
grounds should be kept separate. 


3. The current sense pins are the emitters of the power driver output 
totem poles and must be grounded or returned to the negative 
supply if not used for current sensing. 


4. Provide good high-frequency supply bypass (ceramic or film 
capacitor). 


5. All input, output. and supply leads should be properly dressed and 
kept as short as possible. 


6. If the boost or bootstrapping capability is not used, the boost pins 
must be connected to the positive supply. 


| 5 703 AND 
2206 


QUAD 2-INPUT PERIPHERAL/POWER DRIVERS 
—TRANSIENT-PROTECTED OUTPUTS 


These 16-iead quad 2-input peripheral and power drivers are 
UDN5703A bipolar monolithic integrated circuits containing AND or OR logic gates, 
high-current switching transistors, and transient-suppression diodes 

on the same chip. The four output transistors are capable of simulta- 
neously sinking 300 mA continuously at ambient temperatures of up 

to +70°C. In the OFF state, these drivers will withstand at least 80 V. 


Series UDN5700A quad drivers are ideally suited for interface 
between low-level or high-level logic and high-current/high-voltage 
loads. Typical applications include driving peripheral loads such as 
incandescent lamps, light-emitting diodes, memories, and heaters. 


The integral transient-suppression diodes allow their use with 
inductive loads such as relays, solenoids, or stepping motors without 
the need of discrete diodes. : 


FEATURES 


M Two Logic Types 

@ DTL/TTL/PMOS:CMOS Compatible Inputs 
@ Low !nput Current 

@ 300 mA Continuous Output Current 

M@ Standoff Voltage of 80 V 


Dwg. No A-986¢ 


ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Supply Voltage. Vigo... eee ied DV 
Input Voltage, Vy... eee. 30 V 
Output Off-State Voltage, 
VaR eA ide Pla ci ehet tak ayia dts 80 V 
Output On-State Sink Current, 
logiurkashen eaatw ars weenie aN 600 mA 
Suppression Diode Off-StateVoltage. 
Veer iar Laan yaionentenderss 80 V 
Suppression Diode On-State Current, 
[Sapeace dae tater ae ei es 600 mA 
Power Dissipation, Feuer eat 2.0 W* 
BACH OVE Gti a pwktlan tend en 0.8 W 
Operating Free-Air Temperature Range, 
Teg ae tid LeRaee “20°C to +85°C 
Storage Temperature Range. ; 
Te tae nearest he “55°C to +150°C Always order by complete part number: 
*“Derate at the rate of 16.7 mW?-C above 


Ty = +25°C 
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5703 AND 5706 
QUAD PERIPHERAL/POWER DRIVERS 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage (V.,) 


Operating Temperature Range 


Current into any output (ON stat?) 


a 


Characteristic Test Conditions 

Turn-on Delay Time t V,=70V, R, = 465 © (10 Watts), 
C,=15 pF 

Turn-off Delay Time Vg = 70V,R, = 465 2 (10 Watts), 
C, = 15 pF 


NOTES: 1. Typical values are atV/.,=5.0V,T, = 25°C. 
2. Each input tested separately. 
3. Voltage values shown in the test circuit waveforms are with respect to network ground terminal. 


4. Capacitance values specified include probe and test fixture capacitance. 


INPUT PULSE CHARACTERISTICS 


Vin = OV t.=7Nns t= tus 
Vine = 3-9 V t.= 14 ns PRR = 500 kHz 
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5703 AND 5706 
QUAD PERIPHERAL/POWER DRIVERS 


UDN5703A QUAD OR DRIVER 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted). 


Test Conditions 


Characteristic 


“1” Output Reverse Current M 2.0V 
OPEN 2.0V 


“OQ” Output Voltage 


Diode Leakage Current 
Diode Forward Voltage Drop 
“1” Level Supply Current 


0” Level Supply Current 


NOTES: 1. Typical values are atV..=5.0V,T, = 25°C 
2. Per package 
3. Diode leakage current measured at V,.= Vu... - 
4. Diode forward voltage drop measured at |, = 300 mA. 
5. Capacitance values specified include probe and test fixture capacitance. 


INPUT “CC 8V OPEN 


PULSE 
GENERATOR 


Dwg. No. A-9123A Dwg. No. A-7628C Dwg. No. A-9869 
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5703 AND 5706 
QUAD PERIPHERAL/POWER DRIVERS 


UDN5706A QUAD AND DRIVER 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted). 


Test Conditions 


Driven 
Characteristic y Input 


“1” Output Reverse Current 


“0” Output Voltage 


Diode Leakage Current 


Diode Forward Voltage Drop 
“1” Level Supply Current 


“O” Level Supply Current 


NOTES: 1. Typical vaiues are atV.,,=5.0V,T, = 25°C. 
2. Per package 
3. Diode leakage current measured at V,, = Vo. amin}? 
4, Diode forward voltage drop measured at |, = 300 mA. 
5..Capacitance values specified include probe and test fixture capacitance. 


INPUT 2.4V VCC :5V open - Ve 


t 
' ! 
| | 
! ' 
‘ ! : VimiO\ 
i ; ind 
| ' i 
! 
ie ‘pd pt r o+— tpdo 
oer \ \ ' ; 
: iNote 5) } . Po TTT Yourth) 
rt ' 
IF wa 4 OUTPUT fn 50% \ 
= casa 5 Vout (0) 
Dwg. No. A-7878A Dwg. No. A: 7628C Dwg. No. A-9866 
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DUAL PERIPHERAL/POWER DRIVER 
—ENHANCED OUTPUT CAPABILITY 


ENABLE Vec 
INPUT, INPUT 9 
OUTPUT OUTPUT 2 

GROUND K 
Wor 3.2a2 


ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Output Off-State Voltage. Voge... 70V 
Output On-State Sink Current, |4., 
(continuous). 0.2.0.2... 0... 0005 1.0 At 
(DOAK) 2:io ae cad kk dle a ken 1.24 
Logic Supply Voltage. Vug . 1s... eee 16V 
Input Voltage, Vip eee ee 30 V 


Suppression Diode Off-State Voltage, 
Viger she ken babes re gone s 4 70 V 


Vic vA Mina Tab ee eh Mak ga Fae 
ON 
Atlowable Package Power Dissipation, 
Serer re eee See Graph 


+t Limited by Po 


The UDN5725M power driver combines NAND and NOR logic 
gates in a configuration particularly useful with small brushless dc 
motor drivers. The integrated circuit includes high-current saturated 
output transistors and transient-suppression diodes. It can be used in 
many applications beyond the capabilities of standard logic buffers: 
With inputs tied together, one of two loads is energized by a single 
input signal. 


Additional applications include driving peripheral loads such as 
solenoids, light-emitting diodes, memories, heaters, and incandescent 
lamps with peak load currents of up to 1.2 A. 


Each of the output transistors is capable of sinking 800 mA 
continuously at 55°C, or 650 mA at 85°C. In the OFF state, the drivers 
will withstand at least 70 V. 


The UDN5725M is supplied in a miniature 8-pin dual-in-line plastic 
package with a copper lead frame for superior package power dissipa- 
tion ratings. 


For applications requiring output currents of up to 700 mA, Series 
UDN5740M is recommended. 


FEATURES 


M@ DTL/TTL/PMOS:CMOS Compatible 
@ Low Input Current 

@ Continuous Output Current to 1A 

@ 70 V Output Standoff Voltage 
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3725 
DUAL PERIPHERAL/POWER DRIVER 


g TYPICAL APPLICATION 
< 
= A 
z wes 
Zo B 
2 
4 
a 
3 ENABLE O Veo = 12V 
By. 
c 
Ww 
= 
5 
a 
Re 
oO 
4 
4 
oO 
< 
a id 
we 
= 
a 
= O Vs =12V 
3] 
a 25 50 75 100 125 150 
+ AMBIENT TEMPERATURE IN °C 
Dwg. GP-009-1 Dwg. Na. 13,244 


RECOMMENDED OPERATING CONDITIONS 


Operating Conditions 


Supply Voltage, V., 4.75 12 
Operating Temperature Range 0 


SWITCHING CHARACTERISTICS at T, = +25°C ,V... = 5.0 V 


Characteristic Symbol Test Conditions 
Turn-On Delay Time V,=30V, R, = 100 2 (10 W), C, = 15 pF — 
Turn-Off Delay Time Vg = 30 V, R, = 100 2 (10 W), C, = 15 pF 


NOTES: 1. Capacitance value specified includes probe and test fixture capacitance. 
2. Voltage values shown in test circuit waveforms are with respect to network ground. 


+25 


TRUTH TABLE 


Strobe Phase Inputs Outputs 
Input 1 2 1 2 
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5725 
DUAL PERIPHERAL/POWER DRIVER 


ELECTRICAL CHARACTERISTICS over recommended operating temperature range 
(unless otherwise noted). 


Test Conditions Limits 
Enable Other 
Characteristic Symbol Temp. Voc Input Inputs in. : 
loex = “ ae 


Output Reverse 
Current 


Output Voltage 


Input Voltage 


Input Current 


Enable Input 
Current 


Input Clamp Volt. 


Diode Leakage 


Diode Forward 
Voltage 


Supply Current 
(Total Package) 


NOTES: 1. Except ENABLE input. each input tested separately. 
2. Diode leakage current measured at V.. = 70 V 
3. Pulse Test 
4.L, =3mH., 
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3725 
DUAL PERIPHERAL/POWER DRIVER 


tpd 1 


rue tpd 0 
OUTPUT 1 


PULSE 
GENERATOR 


tpd 1 tpd 0 


2 


OUTPUT 2 


Dwg. No, 13,245 Dwg. No. 13,246 


INPUT-PULSE CHARACTERISTICS 


t,= lus 


PRR = 500 kHz 
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SERIES 5740 


DUAL PERIPHERAL/POWER DRIVERS 
—TRANSIENT-PROTECTED OUTPUTS 


UDN5742M 


Dwg. No. A-97958 


ABSOLUTE MAXIMUM RATINGS 


Output Off-State Voltage, Vp-p... ... 70V 
Output On-State Sink Current, 

lengohoten end Aca ener taas at es 700 mA 
Supply Voltage. Vig... ee eee ee 7.0V 
Input Voltage, Viv... eee 30 V 
Suppression Diode Off-State Voltage. 

Vismietnte tee reoianans a sei 70 V 
Suppression Diode On-State Current, 

Vie Rescee Se ana ani ehaeh 700 mA 
Allowable Package Power Dissipation. 

Ae tetas 0G cm ae ee am 1.5 W* 
Operating Free-Air Temperature Range, 

Elegy SSE tea a etinte aesetel ae -20°C to +85°C 
Storage Temperature Range, 

Wes Cee eg Petes -55°C to +150°C 


*Derate at the rate of 12.5 mW/"C above T, = +25°C 


Peripheral and power drivers combining dual logic gates, high- 
current saturated output transistors, and transient-suppression diodes 
is the Series UDN5740M. These monolithic dual drivers surpass the 
interface requirements normally associated with standard logic buffers 
and are ideally suited for interface between low-level logic and high- 
current inductive loads. Internal transient-suppression diodes allow their 
use with loads such as stepping motors, relays, or solenoids. Additional 
(non-inductive) applications include driving peripheral loads such as 
light-emitting diodes, memories, heaters, and incandescent lamps with 
peak load currents of up to 700 mA. 


The Series UDN5740M is capable of sinking 600 mA continuously 
for a single output (57% duty cycle for both outputs). The outputs may 
be paralleled for higher load-current capability. In the OFF state, the 
drivers will withstand at least 70 V. 


All devices in this series are supplied in a miniature 8-pin dual- 
in-line plastic package with a copper lead frame for superior package 
power dissipation ratings. 


FEATURES 


@ DTL/TTL/PMOS/CMOS Compatible 
@ Low Input Current 

@ Output Current to 700 mA 

@ 70 V Output Standoff Voltage 


Always order by complete part number: 


PartNumber: Description 
UDN5741M Dual AND Driver 
UDN5742M Dual NAND Driver 
UDN5743M_ __— Dual OR Driver 

UDN5744M Dual NOR Driver 
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SERIES 5740 
DUAL PERIPHERAL/POWER DRIVERS 


25 50 75 100 125 150 
TEMPERATURE IN *C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


Dwg. GP-009-1 


RECOMMENDED OPERATING CONDITIONS 


SWITCHING CHARACTERISTICS at T, = +25°C, V... = 5.0 V 


Characteristic Symbol Test Conditions 


Turn-on Delay Time V,=30V,R, = 100 2 (10 W), C, = 15 pF 
Turn-off Delay Time V5 =30V, R, = 100 22(10 W), C, = 15 pF 


NOTES: 1. Capacitance value specified includes probe and test fixture capacitance 
2. Voltage values shown in the test circuit waveforms are with respect to network ground terminal. 


INPUT-PULSE CHARACTERISTICS 
Vinvo) = OV <7 ns t, =1us 


Vinge ave t.<14ns PRR = 500 kHz 
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SERIES 5740 
DUAL PERIPHERAL/POWER DRIVERS 


UDN5741M Dwg. No. A-9791A 
ELECTRICAL CHARACTERISTICS over recommended operating temperature range 
(unless otherwise noted). 


lo Test Conditions 
Driven Other 
Characteristic Symbol Pri Input eee 
Output Reverse Current 4.75 2.0V 2.0V 7OV 
Open 2.0V 2.0V 70V 
os et 


Input Voitage IN(1) 
a 
Input Current 5.25 0.4V 
= = 
Enable Input Current §.25 0.4V 
tbe = 


Diode Forward Voltage eee Os | s.0v | 5.0V | OV 5.0 V | 600 mA 


Supply Current 
(Total Package) 


NOTES: 1. Except ENABLE input, each input tested separately. 
2. Diode leakage current measured at Va = 70V. 


our- 
2.4v. VCC OPEN T Vs \ , 
INPUT 2. ‘ : mo ete ei feet 
ets 


pase Se oS Vin(l) 
ae 


s— ‘tp —+4 Vin(0) 


I 
( 
'pd (1) ft i et tpd(0) 


t P77 77 VYout(1) 
= 10a0 OUTPUT 50% 50% 
CIRCUIT Vout(0) 


a 


r 
f) 
1 
1 
1 
1 
1 
1 
1 
‘ 


Dwg. No. A-7628D 
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SERIES 5740 
DUAL PERIPHERAL/POWER DRIVERS | 


UDN5742M Dwg. No. A-97908 
ELECTRICAL CHARACTERISTICS over recommended operating temperature range 
(unless otherwise noted). 


Test Conditions 


0.8V 
0.8V 


2.0V 2.0V 
Input Voltage Vv 
eB ea 
= 
Ee 


Characteristic 


Enable Input Current 


Input Clamp Voltage 
Diode Leakage Current : 5 
5 


iA 


¢) 
Diode Forward Voltage Ve ‘ 0 600 mA | — 1.5 2.0 
0 


Vv 
Supply Current ( ae 
(Total Package) ° E 5.25 5.0V 


NOTES: 1, Except ENABLE input, each input tested separately. 
2. Diode leakage current measured at V,, = 70 V. 


OuT- 
(INPUT 2.4V. VCC OPEN put Vs 


i R , Vint) 
t 
' ‘ 
’ ‘ . 
1 ‘ Vin(0) 
' ‘ 1 i 
' cL ' tpd(0) te——— et 2 td (1) 
‘ i ' i } Vout(t) 
1 
t 
= -_ = = : = toap ‘ OUTPUT ee 
' cmcun ' fh ks, a es Ay, 
Lecce of * ous{0} 
Dwg. No. A-11,746A Dwg. No. A-7900B 
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SERIES 5740 
DUAL PERIPHERAL/POWER DRIVERS 


Dwg. No. A-9789A 


UDN5743M 
ELECTRICAL CHARACTERISTICS over recommended operating temperature range 


(unless otherwise noted). 


Ree Conditions Limits 


Ea 
Characteristic Ea 


Input Clamp Voltage 
Diode Leakage Current 
Diode Forward Voltage 


Supply Current 
(Total Package) 


NOTES: 1. Except ENABLE input, each input tested separately. 
2. Diode leakage current measured at Va=70V 


Vv 
INPUT CC=5V¥. OPEN CuTpUT Vs, 


Vin (0) 
4 1 
i f ! 
ted (1) “+ r -et— tpd (0) 
t 4 
' 77 77 Vout (1) 
OUTPUT sm 50% \ 
Vout (0) 
Dwg. No. A-13,.219A Owg. No. A-7628D 
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SERIES 5740 
DUAL PERIPHERAL/POWER DRIVERS 


UDN5744M 
ELECTRICAL CHARACTERISTICS over recommended operating temperature range 


(unless otherwise noted). 


Test Conditions 


Driven | Other 
Characteristic input Input Min. = Typ. Max. 


Dwg. No. A-9788A 


Output Reverse Current 0.8 V 0.8V 70V 
0.8V 0.8V 70V 


Output Voltage 2.0V 300 mA 
2.0V 


600 mA 
Input Voltage 
a 


Input Current 0.4V 
; 30 V 


Input Clamp Voltage 
Diode Leakage Current 5.0 
Diode Forward Voltage 


Enable Input Current 0.4V 

30 V 30 V 
Supply Current +25°C 5.25 

(Total Package) 125°C 5 25 


NOTES: 1. Except ENABLE input, each input tested separately. 


2. Diode feakage current measured at V,, = 70 V. 


weut — “CC25V. OPEN OUTPUT — Vs 


15pF 


i 


= LOAD 
CIRCUIT 


OUTPUT 


Dwg. No. A-13.218A 


Dwg. No. A-7900B 
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a752 


DUAL PERIPHERAL AND POWER DRIVER 
—TRANSIENT-PROTECTED OUTPUTS 


UDN5752M 


Dwa. No. A-$7938 


ABSOLUTE MAXIMUM RATINGS 


Output Off-State Voltage, Vo-p 0 ...... 70V 
Output On-State Sink Current, 

len Ap OR ea tees Beas tried 5 600 mA 
Supply Voltage. Vig eee eee 7.0V 
Input Voltage, Vig cee eee 30 V 
Suppression Diode Off-State Voltage, 

Vise tg drcikuisel attaining ches er Naam 70V 
Suppression Diode On-State Current, 

ANS in AR weiss a aad 600 mA 
Allowable Package Power Dissipation, 

Feige Pade te, a pay See Graph 
Operating Free-Air Temperature Range, 

Tigra nits htastoe Wong ~20°C to + 85°C 
Storage Temperature Range 

Tip LR nant teense -55 C to +150°C 


Combining dual AND logic gates, high-current switching transistors, 
and transient suppression diodes in a bipolar monolithic integrated 
circuit, this peripheral and power driver meets interface requirements 
beyond the capabilities of standard logic buffers. The UDN5752M will 
sink 500 mA continuously for a single output (86% duty cycle for both 
outputs). In the OFF state, the drivers will withstand at least 70 V. In 
addition to driving common peripheral loads such as LEDs, heaters, or 
incandescent lamps with peak (in-rush) currents to 600 mA, the internal 
diodes allow its use directly with inductive loads such as stepping 
motors, relays, or solenoids. This device was previously sold as the 
UDN5732M. 


The UDN5752M is supplied in a miniature 8-pin dual in-line plastic 
package with a copper lead frame for enhanced package power 
dissipation capabilities. 


FEATURES 


@ DTL/TTL/PMOS/CMOS Compatible 
Mf Low Input Current 

@ Output Current to 600 mA 

@ 70 V Output Standoff Voltage 


Always order by complete part number: | UDN5752M |. 
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3752 
DUAL PERIPHERAL/POWER DRIVER 


n 
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z2 x 
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Qa ce, 
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a 

Ww 
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<< 

= 

ane, 

wd 

Zz 28 50 75 100 125 150 


TEMPERATURE IN C 
Dwg. GP-009-1 


RECOMMENDED OPERATING CONDITIONS 


Operating Condition 
Supply Voltage, Vo, 


Output Current, |,,, 
Operating neue Range 


SWITCHING CHARACTERISTICS at T, = +25°C , Vi, = 3.0 V 


Characteristic Symbol Test Conditions 
Turn-On Delay Time edt 1] Ve = 30V, R. = 100 (10 W), C. 215 pF 


Vg = 30 V, R, = 100 (10 W), C, = 15 pF 


NOTES: 1. Capacitance value specified includes probe and test fixture capacitance. 
2. Valtage values shown in test circuit waveforms are with respect to network ground 


INPUT-PULSE CHARACTERISTICS 
=OQ0V t,< 7 ns t,=tus 
y=3sVv t_<14ns PRR = S00kHz 
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3752 
DUAL PERIPHERAL/POWER DRIVER 


ELECTRICAL CHARACTERISTICS over recommended operating temperature range 
(unless otherwise noted). 


Test Conditions 
Symbol 
| 


Characteristic 


Driven Other 
Temp. Voc Input Input Min. ‘Typ. Max. 
4.75V 70V 
475V | 70V 


Output Reverse Current CEX 


Output Voltage Voesar) 


Input Voltage 


Enable Input Current 


INQ) 
Input Clamp Voltage 
Ve 


Diode Leakage Current ae 
Diode Forward Voltage ae 
| 


Supply Current 


CCit) 
(Total Package) 


Iocio; 


NOTES: 1. Except ENABLE input, each input tested separately 
2. Diode leakage current measured at V,, = 70 V 


CuT- 
INPUT 2.4V. YCC OPEN PUT Vs 
9 


0 9 « 


cL 


CUTPUT 


fee 


LOAD |} Pe a ttt ee 
| _CIRCUIT J outta) 
Dwg. No. A-11.746A Dwg. No. A-7900B 
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3800 anv 


UCNS5860L 


pee 


| he 
UCN5800A 


OUTPUT 
ENABLE 


LOGIC 
SUPPLY 


OUT, 


CLEAR 


STROBE 


IN 


IN2 OUT2 


n 
iret 
=x 
2 
<x 
a 


INg OUT3 


IN4 OUT, 


GROUND COMMON 


Dwg. No. A-10,499D 


ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 


Output Voltage, Veg oo. eee eee 50 V 
Supply Voltage, Vigo... -. seen 15V 
Input Voltage Range, 

Vince teens -0.3VtoV,,+0.3V 
Continuous Collector Current, 

Io ibd SWE ht tntan ese, STE 500 mA 
Package Power Dissipation. 

Fried aitiag tia etic eM gueaeetian a8 See Graph 
Operating Temperature Range, 

T -20°C to +85°C 


Storage Temperature Range, 
assuage re GUN 4 ok -55°C to +150°C 


Note that the UCN5800A (dual in-line package) 
and UCNS5800L (smail-outline {C package) are 
electrically identical and share a common pin 
number assignment. 


Caution: CMOS devices have input static protec- 
tion but are susceptible to damage when exposed 
to extremely high static electrical charges. 
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BiMOS I LATCHED DRIVERS 


The UCNS5800A/L and UCNS5801 AVEP latched drivers are high- 
voltage, high-current integrated circuits comprised of CMOS data 
latches, a bipolar Darlington transistor driver for each latch, and CMOS 
control circuitry for the common CLEAR, STROBE, and OUTPUT 
ENABLE functions. The bipolar/MOS combination provides an ex- 
tremely low-power latch with maximum interface flexibility. The 
UCN5800A and UCNS5800L each contain four latched drivers; the 
UCN5801A and UCN5801EP contain eight latched drivers. 


BiMOS II devices have much faster data input rates than the 
original BIMOS circuits (UCN4401A and UCN4801A). With a5 V 
supply, they will typically operate at better than 5 MHz. With a 12 V 
supply, significantly higher speeds are obtained. 


The CMOS inputs are compatible with standard CMOS, PMOS, 
and NMOS circuits. TTL or DTL circuits may require the use of appro- 
priate pull-up resistors. The bipolar outputs are suitable for use with 
relays, solenoids, stepping motors, LED or incandescent displays, and 
other high-power loads. 


All devices have open-collector outputs and integral diodes for 
inductive load transient suppression. The output transistors are capable 
of sinking 500 mA and will withstand at least 50 V in the OFF state. 
Because of limitations on package power dissipation, the simultaneous 
operation of all drivers at maximum rated current can only be accom- 
plished by a reduction in duty cycle. Outputs may be paralleled for 
higher load current capability. 


The UCN5800A is furnished in a standard 14-pin DIP; the 
UCN5800L in a surface-mountable SOIC; the UCN5801A in a 
22-pin DIP with 0.400" (10.16 mm) row centers; the UCN5801EP 
in a 28-lead PLCC. 


FEATURES 


4.4 MHz Minimum Data Input Rate 
High-Voltage, High-Current Outputs 

Output Transient Protection 

CMOS, PMOS, NMOS, TTL Compatible Inputs 
Internal Pull-Down Resistors 

Low-Power CMOS Latches 


Always order by complete part number, e.g., \UCN5801EP |. 


5800 AND 5801 
BiMOS II LATCHED DRIVERS 


FUNCTIONAL BLOCK DIAGRAM 


COMMON 


STROBE 


GROUND 


COMMCN MOS : TYPICAL MOS LATCH TYPICAL BIPOLAR DRIVER 
CONTROL 


Dwg. No. A-10.495A 


UCN5801A 25 
@ 22-PIN DIP, Raj, = 50°C/W 
C 28-LEAD PLCC, R gy, = 55°C 
iz 3 14-PIN DIP, Rg, = 80°CAW 
CUTPLT 2 ‘ 
CLEAR [3 ‘/ ENABLE = 2.0) 
STROBE > Jar] LOGIC ° 
- SUPPLY E 
INy 20} OUT, FA 
| 2 i5 
IN2 19} CUT? a 
i. 
i Dour 
3 OUT; 
| Ses & 
ING 17} OUT, aia 
J 
INs 16] OUTs 
C 3 
INg © OUT. a 
w 
Ny C OUT, B 0S! A TEAD S016 Resa= 
INg 13] OUT, 7 
- 
GROUND ial COMMON a 
fy) 
25 50 75 100 125 150 
AMBIENT TEMPERATURE IN °C 
Dwg. No. A-10.498D Dwg, GP-023 
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5800 AND 5801 
BiMOS If LATCHED DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = 425°C, V 5 V (unless otherwise noted). 


DD — 
Limits 
Characteristic Symbol Test Conditions Min. Typ. Max. 
Output Leakage Current lees Veg = 50V, Ty = 425°C _ = 50 
Voge = 50 V, Ty = 470°C — — 100 
Collector-Emitter Vee(sat) |, = 100 mA _ 0.9 14 
Saturation Voltage a aaa — ey ES Spare Se 
|, = 200 mA — 74 43 
i, = 350 MA, Vp, =7.0V — 3 16 
Input Voltage Vinioy — = 1.0 
wo Loo 12M : Eas eens 
| Yop = 10 = oe BS) ee Se 
Vip = 5.0 V (See Note) i as) — — 
Input Resistance Ry Vop212V 50 200 —_ 
7 Vop = 10 ve ea a 50 - 300 LoS 
Vop =9-0V 50 600 _— 
Supply Current lopiony Vop = 12 V, Outputs Open _ 1.0 2.0 
(Each ‘V5, =10V, Outputs Open ee an: 
Stage) BUGre Se eens, en ee es 
Vip = 5-0 V, Outputs Open — 0.7 1.0 
lb D(oFF) Vop= 12 V,Quiputs Open, Inputs =OV ji es 200 
(Total) Vpp = 5-0 V, Outputs Open, Inputs = 0 V -_ 50-100 
Clamp Diode lp V_ = 50 V, Th = +25°C _ _ 50 
Leakage Current Vq=50V,T, =+70°C _ a 100 uA 
Clamp Diode Forward Voltage Ve | = 350 mA = ee 8 


NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to insure a minimum logic “1” 


TYPICAL INPUT CIRCUIT UCNSSOLEP 


Yoo 


aul 


Dwg. No. A-12.520 


GROUND 


Dwg. No. 14,353 
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5800 AND 5801 
BiMOS If LATCHED DRIVERS 


CLEAR ahi = 

STROBE mmm ee ~ t 
pil helices Pe arg ees aid cape 

OUTPUT jt = J was } Sarees 
ENABLE f+ Sore be pe “i 

SS ae ae Ad ae, ap = ale 

{0 Je aoe - : ar k 

our, eee cores Le i. ee 


Dwg. No. A:10.8954 


TIMING CONDITIONS 


(Logic Levels are Vop and Ground) 


A. Minimum Data Active Time Before Strobe Enabled 


(Data: Set-U GAMO): tien ocr dam ces atakd maton @ ake Coal 2 re 50 ns 
B. Minimum Data Active Time After Strobe Disabled 

(DatatHolar Gime sc 2.25 es sete aden each ces oaneudoe Haus PEt a eta Mite 50 ns 
C. Minimum Strobe Pulse Width... 00.00.0000... 000000. 125 ns 
D. Typical Time Between Strobe Activation and 

Output On to Off Transition. 2.0... 00.000 00000. 500 ns 
E. Minimum Time Between Strobe Activation and 

Output Off to On Transition. oo... eee 500 ns 
F. Minimum Clear Pulse Width... 000 ee 300 ns 
G. Minimum Data Pulse Width... ... Spud Be in sege Stia a dh oaks cap ls glk deans 225 ns 


Information present at an input is transferred to its latch when the 
STROBE is high. A high CLEAR input will set all latches to the output 
OFF condition regardless of the data or STROBE input levels. A high 
OUTPUT ENABLE will set all outputs to the OFF condition, regardiess 
of any other input conditions. When the OUTPUT ENABLE is low, the 
outputs depend on the state of their respective latches. 


TRUTH TABLE 


OUTPUT 
STROBE CLEAR ENABLE 


X = irrelevant 
t-1 = previous output state 
t = present output state 
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5800 anp 5801 
BiMOS IT LATCHED DRIVERS 


TYPICAL APPLICATION 
UNIPOLAR STEPPER-MOTOR DRIVE 


t30Vo 


peed ee 
| OUTPUT ENABLE (ACTIVE LOW) 


be STROBE 
IN 4 
up 
Dwg. No. B-1537 
UNIPOLAR WAVE DRIVE UNIPOLAR 2-PHASE DRIVE 
STROBE rT I] im Nn STROBE "1 nt in PL 

wr fo] . PT fiz 

IN 2 i IN 2 7 rT 

IN 3 aa IN 3 ~~ ] 

IN 4 r | IN 4 l — P| 
out 1 — [ ouT 4 = [ 
OUT 2 i aaa? | eee | (i aad QUT 2 — 
OUT 3 | fo OUT 3 1 
OUT 4 omen [ae OUT 4 a | LL 


Dwg. No. A-11.446 Dwg. No. A:11,447 
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2804 


BiMOS IT UNIPOLAR 
STEPPER-MOTOR TRANSLATOR/DRIVER 


Combining low-power CMOS logic with high-current and high- 
voltage bipolar outputs, the UCN5804B BiMOS II translator/driver 
provides complete control and drive for a four-phase unipolar 


OUTPUT, SUPPLY stepper-motor with continuous output current ratings to 1.25 A 
per phase (1.5 A startup) and 35 V. 
Kap OUTPUT 
a The CMOS logic section provides the sequencing logic, DIREC- 
QUIRUT DIRECTION TION and OUTPUT ENABLE control, and a power-ON reset function. 
Three stepper-motor drive formats, wave-drive (one-phase), two-phase, 
GROUND GROUND and half-step are externally selectable. The inputs are compatible with 
GROUND GROUND standard CMOS, PMOS, and NMOS circuits. TTL or LSTTL may 
require the use of appropriate pull-up resistors to ensure a proper 
OUTPUT. STEP INPL™ input-logic high. 
Kas HALF-STEP The wave-drive format consists of energizing one motor phase at 
° a time in an A-B-C-D (or D-C-B-A) sequence. This excitation mode 
OUTPUT 4 ONE-PHASE consumes the least power and assures positional accuracy regardless 


of any winding inbalance in the motor. Two-phase drive energizes 
two adjacent phases in each detent position (AB-BC-CD-DA). This 


OSE Nee sequence mode offers an improved torque-speed product, greater 
detent torque, and is less susceptible to motor resonance. Half-step 
excitation alternates between the one-phase and two-phase modes 
(A-AB-B-BC-C-CD-D-DA), providing an eight-step sequence. 

The bipolar outputs are capable of sinking up to 1.5 A and 
withstanding 50 V in the OFF state (sustaining voltages up to 35 V). 
Ground clamp and flyback diodes provide protection against inductive 
transients. Thermal protection circuitry disables the outputs when the 
chip temperature is excessive. 

The UCN5804B is rated for operation over the temperature range 
of -20°C to +85°C. It is supplied in a 16-pin dual in-line plastic batwing 
package with a copper lead frame and heat-sinkable tabs for improved 
power dissipation capabilities. 

FEATURES 
ABSOLUTE MAXIMUM RATINGS @ 1.5 A Maximum Output Current 
@ 35 V Output Sustaining Voltage 
ulet eaiede, Hert hoe PA cae aw @ Wave-Drive. Two-Phase, and Half-Step Drive Formats 
Output Sustaining Voltage, @ Internal Clamp Diodes 
Vee Cee ae he = ee aes @ Output Enable and Direction Control 
Output Sink Current. lop eee ee 15A @ Power-ON Reset 
Logi¢ Supply Voltage, Von... ++... oO @ Internal Thermal Shutdown Circuitry 
Input Voltage. Vipe eee 7.0V 
Package Power Dissipation, 
Di ceaen ty masedeaais cease Wess See Graph 
Operating Temperature Range, 
TE ‘diye ah a Ne ites theo x -20°C to +85°C 


Always order by compiete part number: [UCN5804B |. 


3804 
BiMOS IT UNIPOLAR STEPPER-MOTOR TRANSLATOR/DRIVER 


aay 
io} 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 
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TYPICAL INPUT CIRCUIT 
Yop 
IN 
Dwg. EP-010-5 
25 50 75 100 4125 150 
TEMPERATURE IN °C Dug OR ook TYPICAL OUTPUT DRIVER 


K 
OUT 


TRUTH TABLE 


Dwg. EP-024-4 


Drive Format 


Two-Phase 


One-Phase 
Half-Step 
Step-Inhibit 


3804 
BiMOS IT UNIPOLAR STEPPER-MOTOR TRANSLATOR/DRIVER 


ELECTRICAL CHARACTERISTICS at T, = 25°C, T, < 150°C, V,,,, = 4.5 V to 5.5 V 
(unless otherwise noted). 


Test Conditions Typ. Max. [Units | 


Vv 


Input Voltage 


Supply Current 2 Outputs ON 


Turn-Off Delay 50% Step Inputs to 50% Output _ — 10 us 
Turn-On Delay Pe 50% Step Inputs to 50% Output 


TIMING CONDITIONS 


cock | LJ PLS] | PLT wu 
deck | | | 
ONE PHASE —+—++ | J 
4. + 4 t t 
HALF-STEP —+——+—_-- om 
OUTPUT ees tn a er if 
ENABLE + { { fl 
OUTPUT A —}-— a — os 
OUTPUT B | 
heat al: fee ee - ~ 
OUTPUT 0 _ 
OUTPUT 
TWO-PHASE “+ HALF-STEP WAVE DRIVE DISABLED 
ied settl Dial ~_ 
Dwg. No. W-110A 
A. Minimum Data Set Up Time ........ gts Gene ete Maa 100 ns 
B. Minimum Data Hold Time..... 0.0.0.0 00000000 eee 100 ns 
C. Minimum Step Input Pulse Width»... 500 ns 
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5804 
BiMOS IT UNIPOLAR STEPPER-MOTOR TRANSLATOR/DRIVER 


APPLICATIONS INFORMATION 


Internal power-ON reset (POR) circuitry 
resets OUTPUT, (and OUTPUT, in the two- 
phase drive format) to the ON state with initial 
application of the logic supply voltage. After 
reset, the circuit then steps according to the 
tables. 


The outputs will advance one sequence 
position on the high-to-low transition of the STEP 
INPUT pulse. Logic levels on the HALF-STEP 
and ONE-PHASE inputs will determine the drive 
format (one-phase, two-phase, or half-step). The 
DIRECTION pin determines the rotation se- 
quence of the outputs. Note that the STEP 
INPUT must be in the low state when changing 
the state of ONE-PHASE, HALFSTEP, or 
DIRECTION to prevent erroneous stepping. 


All outputs are disabled (OFF) when OUT- 
PUT ENABLE is at a logic high. If the function is 
not required, OUTPUT ENABLE should be tied 
low. In that condition, all outouts depend only on 
the state of the step logic. 


During normal commutation of a unipolar 
stepper motor, mutual coupling between the 
motor windings can force the outputs of the 
UCN5804B below ground. This condition will 
cause forward biasing of the collector-to- 
substrate junction and source current from the 
output. For many L/R applications, this substrate 
current is high enough to adversely affect the 
logic circuitry and cause misstepping. External 
series diodes (Schottky are recommended for 
increased efficiency at low voltage operation) will 
prevent substrate current from being sourced 
through the outputs. Alternatively, external 
ground clamp diodes will provide a preferred 
current path from ground when the outputs are 
pulled below ground. 


Internal thermal protection circuitry disables 
all outputs when the junction temperature 
reaches approximately 165°C. The outputs are 
enabled again when the junction cools down to 
approximately 145°C. 


P1DEe 


=L 


« DIRECTION 


=L 


+ DIRECTION 


=L 


+ DIRECTION 


WAVE-DRIVE SEQUENCE 


Half Step = L, One Phase = H 


TWO-PHASE DRIVE SEQUENCE 


Half Step =L, One Phase = L 


HALF-STEP DRIVE SEQUENCE 


Half Step = H, One Phase = L 


=H 


— DIRECTION 


=H 


— DIRECTION 


=H 


— DIRECTION 


3804 
BiMOS IT UNIPOLAR STEPPER-MOTOR TRANSLATOR/DRIVER 


TYPICAL APPLICATION 
L/R STEPPER-MOTOR DRIVE 


DIRECTION 
CONTROL 


nyu 
STEP INPUT 


Dwg EP-029 
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UCNS810A 


OUT 


OUT}5 


SERIAL 
DATA OUT 


| 


LATCHES 
eek [" REGISTER 
AEGISTER 


LATCHES. 


OUTs 


CLOCK LOAD SUPPLY 


SERIAL 


SECOND. DATA IN 


LOGIC SUPPLY BLANKING 


STROBE OUT, 


OUTs OUT» 


OUT, 


out, 


Dwg. PP-029 


ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 


Output Voltage, Voyp - see eee eee 60V 

(Suffiiel) sirtina a vauvneaingact 80 V 
Logic Supply Voltage Range, 

Vigg tiybaiabeeidhaies s 4.5Vto15V 
Driver Supply Voltage Range. 

Viteacndte cuban it ht 2 5.0 V to 60 V 

(Sutfik-1) cays e eigen mite 5.0 V to 80 V 
Input Voltage Range, 

Vigne Ritt anes he 0.3VtoV,,+03V 
Continuous Output Current, 

A -40 mA 
Package Power Dissipation, 

Pig ea ieee bat Bas cha See Graph 
Operating Temperature Range, 

To git oh cera aatiah -20°C to +85°C 
Storage Temperature Range, 

Teg aah citi aan le a ste -55°C to +150°C 


$s 


Caution: CMOS devices have input static protection 
but are susceptible to damage when exposed to 
extremely high static electrical charges. 


Note that the UCN5810A (dual in-line package) and 
UCN5810LW (small outline IC package) are 
electrically identical and share a common pin 
number assignment. 


BiMOS IH 10-BIT SERIAL-INPUT, 
LATCHED SOURCE DRIVERS 
WITH ACTIVE DMOS PULL-DOWNS 


Designed for use as segment or digit drivers in high-voltage, 
vacuum-fluorescent display applications, the UCN5810A and 
UCN5810LW combine a 10-bit CMOS shift register, associated latches, 
and contro! circuitry (strobe and blanking) with 60 V bipolar source 
outputs. The BIMOS drivers can also be used with non-multiplexed 
LED displays within their output limitation of 40 mA per driver. 


Selected devices (suffix-1}) have maximum ratings of 80 V and 
40 mA per driver. !n all other respects, the basic part and the part with 
the “-1" suffix are identical. 


BiMOS II devices have much faster data input rates than the 
original BIMOS circuits. With a 5 V supply, they will typically operate at 
better than 5 MHz. With a 12 V supply, significantly higher speeds are 
obtained. 


The CMOS inputs cause minimal loading and are compatible with 
standard CMOS, PMOS, and NMOS circuits. Use of these drivers with 
TTL or DTL circuits may require appropriate input pull-up resistors to 
ensure an input logic high. A CMOS serial data output allows cascading 
for multiple drive-line applications required by many dot matrix, alpha- 
numeric, and bar graph displays. 


The UCN5810A is supplied in an 18-pin dual in-line plastic pack- 
age. Under normal operating conditions, this device will allow all 
outputs to source 25 mA continuously at ambient temperatures up to 
60°C. The UCN5810LW is furnished in a wide-body, small-outline 
plastic package for minimum-area surface-mount applications. 


FEATURES 


@ 5 MHz Typical Data Input Rate 

M Low-Power CMOS Logic and Latches 
M@ 60 V or 80 V Source Outputs 

@ Internal Pull-Down Resistors 


Always order by complete part number: 


“Part Numbers — Package _ Max. Vee | 
UCN5810A 18-PinDIP | 60V | 

| UCN5810A-1 80 V 
UCN5810LW = 18-Lead SOIC, 60V | 
| UCN5810LW-1 Bove 
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5810 
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


UCN581LOLW 
FUNCTIONAL BLOCK DIAGRAM 


Eee 
OUTg a }— CUT s - OV 
oa - cLocK > —+ Z oatees 
our, [ae <— Our 3 ee ee See See a 
out 7 A SERIAL son Ons Sse | sere -PARALLLL SHIFT REGISTER b al Oo SERIAL 
é a ie 7 DATA OUT Ss a: a ae rae Se 
clock [4 icik ee LOAC SUPPLY ie jc eels ee I ore ee 1 
Z STROBE O— > 4 | 1 LATCHES 
SERIAL ae | | 
GROUND BATA IN an a — fo Se 
LOGIC SUPPLY [ S] BLANKING BLANKING O——-™ ete 
4 i aie MOS 
STROBE OUTy + | BIPOLAR 
[ A o Vaay 
oUTs OUT? of ‘ ws * © View 
j V/V V/ 
OUTe OUT Re eS x ee 
WU OUT, OUT Gi 
Dwg. No. A-*4,555 
TYPICAL INPUT CIRCUIT 
Eas 
g? Yop 
z 
z 
3 20 +e 
= 
<t ' 
a i) 
- SUFFIX'A, R gy, = 55°C/W i 
B 15K ———+4 1 IN 
oa 
w 
= 
oO 
a 
wy 1.0 4 
9g 
< SUFFIX ‘LW. Ro = 85°C 
x OA 
3) 
< 
a O5 77 
ire 
a 
a 
BS Dwg. EP-010-4A 
o 
0) r 1 
a3 25 50 75 100 125 150 TYPICAL OUTPUT DRIVER 
= AMBIENT TEMPERATURE IN °C 
Yep 
Dwg. GP- 
OUT 


100 K 


Dwg. EP-021-3 
NE TET 
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3810 
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vip = 60 V, Vip =5Vtol2V 
(unless otherwise noted). 


Characteristic Symbol Test Conditions 


Output OFF Voltage Vour 


Output ON Voltage Vour loyr = "25 MA, Veg = 60 V 
( ut = -25 MA, Veg = 80 V (*-1" only) 
" 
i) 


lour 
Output Leakage Current 


Input Voltage 


Output Pull-Down Current 


3.5 5.3 


10.5 


Input Current Voo = Vin = 20 V 
V, =12V 


bo = Vin 


Serial Data 
Output Resistance 


Supply Current All outputs ON. All outputs open 


All outputs OFF. All outputs open 


Voo = 12 V, All outputs OFF, inputs = 0 V 
Vop =5.0 Vy One output ON, All inputs = 0 V 


Vop = 12 V, One output ON, All inputs = 0 V 


NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin. 
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5810 
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


BLANKING 
alos 
OUTy Oe ee ee 
Dwg No T2.E494 
TIMING CONDITIONS 
(Vyp = 3 V, 7, = +25°C, Logic Levels are V,,, and Ground) 

A. Minimum Data Active Time Before Clock Pulse 

(Date Set-Up THe badass kako w a daa wa bbe eel daw eee 75 ns 
B. Minimum Data Active Time After Clock Pulse 

(Data Hold Time)............... Aii59 | cosas AD CMe RE Ra aos 75 ns 
C. Minimum Data Pulse Width... 0.2 ce 150 ns 
D. Minimum Clock Pulse Width 0002. eee 150 ns 
E. Minimum Time Between Clock Activation and Strobe............ 300 ns 
F. Minimum Strobe Pulse Width. ......... dna til sR eodectaly a aoa eas 100 ns 
G. Typical Time Between Strobe Activation and 

Output ransitlon-es. second oe ag dy Seed Be eemang Gaede 500 ns 


Serial Data present at the input is trans- 
ferred to the shift register on the logic “O” to 
logic “1” transition of the CLOCK input pulse. 
On succeeding CLOCK pulses, the registers 
shift data information towards the SERIAL 
DATA OUTPUT. The SERIAL DATA must 
appear at the input prior to the rising edge of 
the CLOCK input waveform. 


Information present at any register is 
transferred to the respective latch when the 
STROBE is high (serial-to-parallel conver- 
sion). The latches will continue to accept new 
data as long as the STROBE is held high. 
Applications where the latches are bypassed 
(STROBE tied high) will require that the 
BLANKING input be high during serial data 
entry. 


When the BLANKING input is high, the 
output source drivers are disabled (OFF): the 
DMOS sink drivers are ON. The information 
stored in the latches is not affected by the 
BLANKING input. With the BLANKING input 
flow, the outputs are controlled by the state of 
their respective latches. 


Output Contents 


Blanking 


L = Low Logic Level H = High Logic Level X = Irrelevant P = Present State 


R = Previous State 
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2810-F 


BiMOS IT 10-BIT SERIAL-INPUT, 
LATCHED SOURCE DRIVERS 


WITH ACTIVE DMOS PULL-DOWNS 


UCNS810AF 


OUT, 


OUT 16 


SERIAL 


OUT, 
DATA OUT 


CLOCK 


SERIAL 
DATAIN 


GROUND 


LOGIC SUPPLY BLANKING 


STROBE OUT, 


OUTs 


cut, 


out, OUTs 


Dwg. PP-029 


ABSOLUTE MAXIMUM RATINGS 


at T, = 25°C 

Logic Supply Voltage. Von... .. ++: 15V 
Driver Supply Voltage, Vag... 100. . 60 V 

(SUT EY: wang Sem nwbhed pea eae 80V 
Continuous Output CurrentRange, 

leith er tent aenna nya -40 to +15 mA 
Input Voltage Range, 

Vigitisaerey axe -0.3VtoV,,+0.3V 
Package Power Dissipation, P,, 

(UCN5810AF).............. 2.27 W* 

(UCN5810LWF)............ 1.29 Wt 
Operating Temperature Range. 

Liga esata Eanes Se ~20°C to +85°C 
Storage Temperature Range, 

Tete ist aephe tee ee -55°C to +150°C 


Ss 
* Derate at rate of 18 MW/°C above T, = +25°C 
t Derate at rate of 10 mWi’C above T, = +25°C 


Caution: CMOS devices have input static 
protection but are susceptible to damage when 
exposed to extremely high static electrical charges. 


Note that the UCN5810AF (dual In-line package) 
and UCN5810LWE (small-outline IC package) are 
electrically identical and share a common pin 
number assignment 
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LOAD SUPPLY 


The UCN5810AF and UCN5810LWF combine a 10-bit CMOS shift 
register and accompanying data latches, control circuitry, bipolar 
sourcing outputs with DMOS active pull-downs. Designed primarily to 
drive vacuum-fluorescent displays, the 60 V and -40 mA output ratings 
also allow these devices to be used in many other peripheral power 
driver applications. Selected devices (suffix ‘-1') have maximum output 
ratings of 80 V. The UCN5810AF/LWF feature reduced supply require- 
ments (active DMOS pull-downs) and lower saturation voltages when 
compared with the industry-standard UCN5810A. 


The CMOS shift register and latches allow direct interfacing with 
microprocessor-based systems. With a 5 V logic supply, serial-data 
input rates are typically over 5 MHz, with significantly higher speeds 
obtainable at 12 V. Use with TTL may require appropriate pull-up 
resistors to insure an input logic high. 


A CMOS serial data output enables cascade connections in 
applications requiring additional drive lines. Similar devices are avail- 
able as the UCN5811A (12 bits), UCN5812AF/EPF (20 bits) and 
UCN5818AF/EPF (32 bits). 


The UCN5810AF/LWF output source drivers are PNP-NPN Dar- 
lingtons capable of sourcing up to 40 mA. The DMOS active pull-downs 
are capable of sinking up to 15 mA. For inter-digit blanking, all of the 
output drivers can be disabled and the DMOS sink drivers turned on by 
the BLANKING input high. 


The UCN5810AF is furnished in an 18-pin dual in-line plastic 
package. The UCN5810LWF is furnished in a wide-body, small-outline 
plastic package (SOIC) with gull-wing leads and 0.300" lead row 
spacing. Copper lead frames, reduced supply current requirements, 
and lower output saturation voltages allow both the UCN5810AF and 
the UCN5810LWF to source 25 mA from all outputs continuously, over 
the entire operating temperature range. 


FEATURES 


f 


@ High-Speed Source Drivers 

@ 60 V or 80 V Minimum Output Breakdown 

@ Active DMOS Pull-Downs 

B® Low Output Saturation Voltages 

m@ Low-Power CMOS Logic and Latches 

@ 3.3 MHz Minimum Data Input Rate 

@ Improved Replacements for TL4810B 

Always order by complete part number: 

PartNumbers ~ Package Max.V,, | 
UCN5810AF 18-Pin DIP 60vV 
UCNS810AF-1 | 80 V 
UCNS5810LWF | 18-LeadSOIC} 60V | 
UCN5810L.WF-1 | 80 V : 


5810-F 
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


WITH ACTIVE DMOS PULL-DOWNS 


OUT. 


CLOCK 


GROUNG [ 


LOGIC SUPPLY 


STROBE 


outs [[é 


OUT a 


Nn 
wu 


UCN58 LOLWF 


j] OUTS 


SERIAL 
DATA OUT 


LOAD SUPPLY 


i 
4 ]cuk LATCHES | | Vag 
i etnecister 


SERIAL 


16 

14 , . 

a” L{ Kesisver Le is DATA 
6 lV LATCHES 43 
Sn - 


BLANKING 


OUT, 


CUT 2 


OUTS 


ny 
fo} 


SUFFIX 'LW'R ayes BESCW 


0.5 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 
n' 
a 


50 75 100 125 150 
AMBIENT TEMPERATURE IN °C 


FUNCTIONAL BLOCK DIAGRAM 


Aeces > i, i. 


SERIAL 6, 
Bata in © > 4 


ann 


STROBE — ae 


BLANKING Op + 50 -@ tage om See — 


? 
ae i | BIPOLAR 
Ss 


ron 
VV 


io) 
u 


O vn 


« QUT, OUT 


TYPICAL INPUT CIRCUIT 


Vp ‘D 


Owg, No. A:13.035 


TYPICAL OUTPUT DRIVER 


Dwg. No. A-14,219 
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5810-F 
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


WITH ACTIVE DMOS PULL-DOWNS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Ven = 60 V (UCN5810AF/LWF) or 80 V 
(suffix ‘-I?) unless otherwise noted. 


Limits @V,,= 5V | Limits @V,,= 12V 
Characteristic Test Conditions 


Output Leakage Current Vour = OV, Ty = +70°C — 
V = 


Output Voltage SuTi 


Output Pull-Down Current Vour = 9 V to Veg 


Vour = 20 V to Vag 


Input Voltage 


Input Current 


Serial Data Output Voltage 


Maximum Clock Frequency 


Supply Current All Outputs High 


Al Outputs Low 


Outputs High, No Load 


Outputs Low 


Blanking to Output Delay C, = 30 pF, 50% to 50% 


C, = 30 pF, 50% to 50% 


Output Fall Time C, = 30 pF. 90% to 10% 


Output Rise Time C, = 30 pF, 10% to 90% 


Negative current is defined as coming out of (sourcing) the specified device pin. 
* UCN5810AF-1 and UCN5810LWF-1 only. 
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5810-F 
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


WITH ACTIVE DMOS PULL-DOWNS 


BLANKING ae ah 2 a ees 
~— GC = 

OUT = een (remo) aaa 

Dwg. No 454 


TIMING CONDITIONS 


(T, = +25°C, Logic Levels are V,,,, and Ground) 


Vop =5.0V 
A. Minimum Data Active Time Before Clock Pulse 
(Data Set-Up TMG). sia Toms see we bee ag eae ae weber 75 ns 
B. Minimum Data Active Time After Clock Pulse 
(Data: Hold Timers Wodt ig aaa ates a ite US A eotactol Sen teeth os as 75 ns 
C. Minimum Data Pulse Width. .......00.... bess Pe cease gD coe 150 ns 
D. Minimum Clock Pulse Width... 00.00.0000 0000-00 0000220000--. 150 ns 
E. Minimum Time Between Clock Activation and Strobe............ 300 ns 
F. Minimum Strobe Pulse Width.......... <PR VERS eee oe ey 100 ns 
G. Typical Time Between Strobe Activation and 
Output Transistion..............000.. atoaeecufekene erties 500 ns 


Serial 


Serial Data present at the input is trans- 
ferred to the shift register on the logic “0” to 
logic “1” transition of the CLOCK input pulse. 
On succeeding CLOCK pulses, the registers 
shift data information towards the SERIAL 
DATA OUTPUT. The SERIAL DATA must 
appear at the input prior to the rising edge of 
the CLOCK input waveform. 


Information present at any register is 
transferred to the respective latch when the 
STROBE is high (serial-to-parailel conver- 
sion). The latches will continue to accept new 
data as long as the STROBE is held high. 
Applications where the latches are bypassed 
(STROBE tied high) will require that the 
BLANKING input be high during serial data 
entry. 


When the BLANKING input is high, the 
output source drivers are disabled (OFF); the 
DMOS sink drivers are ON. The information 
stored in the latches is not affected by the 
BLANKING input. With the BLANKING input 
low, the outputs are controlled by the state of 
their respective latches. 


Output Contents 


Data 
Output 


ift Register Contents 
[ae Pm | 


2 3 N-+ N 


Blanking 


L = Low Logic Level H = High LogicLevel X = Irrecvant P= Present State R = Previous State 
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oS8ii 


SERIAL 
DATA OUT 


SERIAL 
DATA iN 


LOGIC 
SUPPLY 


CLOCK 


STROBE 


OUT. 


Dwg. No W-189 


ABSOLUTE MAXIMUM RATINGS 
at T, = 25°C 


Logic Supply Voltage.V_,,, 
Driver Supply Voltage, 
Veg (UCN581 1A) 
(UCN5811A-1) 
Continuous Output Current, 


Input Voltage Range, 
eae rere Sees 0.3 V to V,, +0.3 V 
Package Power Dissipation, 


Operating Temperature Range. 
Tig the det ind ii aren hatte es -20'C to +85°C 
Storage Temperature Range, 


BiMOS IT 12-BIT SERIAL-INPUT, 
LATCHED SOURCE DRIVERS 


Designed primarily for use with vacuum-fluorescent displays, the 
UCN5811A and UCN5811A-1 Smart Power BiMOS I! drivers feature 
low-output saturation voltages and high output switching speed. These 
devices contain CMOS shift registers, data latches. and control cir- 
cuitry, and bipolar high-speed sourcing outputs with DMOS active pull- 
down circuitry. The high-speed shift register and data latches allow 
direct interface with microprocessor LS|-based systems. A CMOS serial 
data output enables cascade connections in applications requiring 
additional drive lines. 


The UCN5811A features 60 V and -40 mA output ratings, allowing 
it to be used in many other peripheral power driver applications. 
Selected devices (UCN5811A-1) have maximum output ratings of 80 V. 
In all other respects. the UCNL5811A and UCNL5811A-1 are identical. 


The UCN5811A can be used as an improved replacement tor the 
SN75512B. The Sprague devices do not require special power-up 
sequencing. 


The UCN5811A and UCN5811A-1 have been designed with 
BiMOS II logic for improved data entry rates. With a 5 V supply, they 
will typically operate above 5 MHz. At 12 V, significantly higher speeds 
are obtained. Use of these devices with TTL may require the use of 
appropriate pull-up resistors to ensure an input logic high. 


Both devices are supplied in 20-pin plastic dual in-line packages. 
They can be operated over the ambient temperature range of -20°C to 
+ 85°C. Copper ead frames and low output saturation voltages allow all 
outputs to be operated at 25 mA continuously at ambient temperatures 
of up to 76°C . 


FEATURES 


M 3.3 MHz Guaranteed Data Input Rate 
@ Low-Power CMOS Logic and Latches 
@ High-Speed Source Drivers 

M@ Active Pull-Downs 

@ Low-Output Saturation Voltages 

B Improved Replacement for SN75512B 


See Graph 
Always order by complete part number: 
[| Part Number a Max. V,,, 
55°C to +150°C UCNSS11A—(itiéiC 
| UCNSBI1A-1  80V | 


s811 ; 
BiMOS IT 12-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER 


w 


FUNCTIONAL BLOCK DIAGRAM 
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ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


35 55 75 100 125 ) 
AMBIENT TEMPERATURE IN °C GROUND: 
Deg. GS-l54 Dwg. No. W-181 
TYPICAL INPUT CIRCUIT TIMING WAVESHAPES 


zs 30nS 


Vop 


— 


ke 7 50°. 
Non 
TT BLANKING 


OUTPUT 


90% 


Dwg No. Ate D3 


TYPICAL OUTPUT DRIVER 


Dwg, No, W184 


OUT 


Dwg No. W182 
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5811 
BiMOS II 12-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Ves = 60 V (UCN5811A) or 80 V 
(UCN5811A-1), unless otherwise noted. 


Limits @ V,, = 5V | Limits @V,,= 12V 


Min. Typ. Max. 


Characteristic 


Output Leakage Current 


Output Voltage 


Symbol! Test Conditions 


bey Voyr = OV, Ty = +70°C 


lout = -25 MA, Vag = 60 V 


lout = 25 MA, Vag = 80 V* 


lout = 1 mA 


Output Pull-Down Current Voy = 10 V to Veg 


Voyr = 40 VtoVe, 


Input Voitage 


Input Current 


Serial Data Output Voltage 


Voutiy lay7 = 200 HA oar 200 250 = 100 200 mV 
Maximum Clock Frequency ak 3.3 5.0 _ _ (55, 
Supply Current pein) All Outputs High — 3.0 5.0 — 15 20 
DbIL} All Outputs Low — 2.5 4.0 — 7.0 10 
Beta) Outputs High, No Load — 7.5 12 _ LD 12 
BBiL) Outputs Low — 10 100 oa 10 100 
Blanking to Output Delay tars C, = 30 pF _ 300 550 _ 125 150 
se, C, = 30 pF — 250 450 — 170 200 
Output Fall Time ' C, = 30 pF — 1000 1250] — 250 300 


Output Rise Time C, = 30 pF — 160 170 { — 180 170 


Negative current is defined as coming out of (sourcing) the specified device pin. 
* UCN5811A-1 only 
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ommoo 


5811 
BiMOS II 12-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER 


Ese F 
Es gain 
STROBE aa PS ee en eer 


BLANKING SL 
= 


OUT 


TIMING CONDITIONS 


(T, = +25°C, Logic Levels are V,,,, and Ground) 


Vop =5.0V 
. Minimum Data Active Time Before Clock Pulse 

(Data Set-Up Time) .........., Bing dante ne RN een aeze? 75ns 

. Minimum Data Active Time After Clock Pulse 
(Dates HORE Tie) co vadtea,d srs} ithe a Wo nid AORN Banta we 75 ns 
. Minimum Data Pulse Width 0.0.0... ee eee 150 ns 
Minimum Clock Pulse Width... ......... sD 1 haba ata MIEN ses es 150 ns 
Minimum Time Between Clock Activation and Strobe......... 300 ns 
Minimum Strobe Pulse Width 0.0.0.0... ee ee 100 ns 

. Typical Time Between Strobe Activation and 
COUROLL TTONSHIOR oo ha Shae 4 Giele a cate whatnot bl NG 500 ns 


Serial Data present at the input is trans- 
ferred to the shift register on the logic “O” to 
logic “1” transition of the CLOCK input pulse. 
On succeeding CLOCK pulses, the registers 
shift data information toward the SERIAL 
DATA OUTPUT. The SERIAL DATA must 
appear at the input prior to the rising edge of 
the CLOCK input waveform. 


Information present at any register is 
transferred to the respective latch when the 
STROBE is high (serial-to-parallel conver- 
sion). The latches will continue to accept new 
data as long as the STROBE is held high. 
Applications where the latches are bypassed 
(STROBE tied high) will require that the 
BLANKING input be high during serial data 
entry. 


When the BLANKING input is high, the 
output source drivers are disabled (OFF): the 
DMOS sink drivers are ON. the information 
stored in the latches is not affected by the 
BLANKING input. With the BLANKING input 
low, the outputs are controlled by the state of 
their respective latches. 


Serial 


Output Contents 


Data 
Output 


lye Blanking 


L = Low Logic Level H = High Logic Level X = Irrelevant P = Present State 


R = Previous State 
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o812-F 


BiMOS II 20-BIT SERIAL-INPUT, 


LATCHED SOURCE DRIVERS 


WITH ACTIVE DMOS PULL-DOWNS 


UCN581L2EPF 


SERIAL 


__REGISTER BATA OUT 


REGISTER 


LATCHES 


oy —y- 
(13)? {26} OUT, 
Py Yy 


ABSOLUTE MAXIMUM RATINGS 
at T, = 25°C 


Logic Supply Voltage, Vyy ..----.-.-. 15V 
Driver Supply Voltage, Vz, ....-.---- 60 V 

(SUITIXEET hn ornate nda gon kn 80 V 
Continuous Output Current Range, 

I eiggthat a he Hace alesg Pia ted -40 to +15 mA 
Input Voltage Range, 

Mice Wenn 2 reas By g -0.3 V to V,, +0.3 V 
Package Power Dissipation, P,, 

(UCN5812AF)......0...0000, 3.12 W* 

(UCN5812EPF).........0.-. 1.92Wt 
Operating Temperature Range, 

Da aes na eshte Sette -20°C to +85°C 
Storage Temperature Range, 

Tidy eh dee oe nae -55°C to +150°C 


" Derate at rate of 25 mW"C above T, = + 25 Cc 
t Derate at rate of 15 mW'"C above T, = + 25 Cc 


Caution: Allegro CMOS devices have input static 
protection but are susceptible to damage when 
exposed to extremely high static electrical 
charges. 


Note that the UCN5812AF (dual in-line package) 
and UCN5812EPF (PLCC package) are electri- 
cally identical and share a common pin number 
assignment 
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Dwg. No. A-14.356 


| 


The UCN5812AF/EPF combine a 20-bit CMOS shift register, data 
latches, and control circuitry with high-voltage bipolar source drivers and 
active DMOS pull-downs for reduced supply current requirements. 
Although designed primarily for vacuum-fluorescent displays, the high- 
voltage, high-current outputs also allow them to be used in many other 
peripheral power driver applications. They are improved versions of the 
original UCN5812A/EP. 


The CMOS shift register and latches allow direct interfacing with 
microprocessor-based systems. Data input rates are typically over 5 MHz 
with a5 V logic supply, and over 7.5 MHz at 12 V. Especially useful for 
inter-digit blanking, the BLANKING input disables the output source 
drives and turns on the DMOS sink drivers. Use with TTL may require the 
use of appropriate pull-up resistors to insure an input logic high. 


A CMOS serial data output enables cascade connections in applica- 
tions requiring additional drive lines. Similar devices are available as the 
UCN5810AF/LWF (10 bits), UCN5811A (12 bits), and UCN5818AF/EPF 
(32 bits). 


The output source drivers are high-voltage PNP-NPN Darlingtons 
with a minimum breakdown of 60 V and are capable of sourcing up 
to 40 mA. Selected devices (suffix '-1’) feature 80 V minimum break- 
downs. The DMOS active pull-downs are capable of sinking up to 15 mA. 


The UCN5812AF is supplied in a 28-pin dual in-line plastic 
package with 0.600" (15.24 mm) row spacing. For surface-mounting, the 
UCN5812EPF is furnished in 28-lead plastic chip carrier (quad pack) with 
0.050"(1.22 mm) centers. Copper lead-frames, reduced supply current 
requirements and lower output saturation voltages, allow continuous 
operation, with all outputs sourcing 25 mA, of the UCN5812AF over the 
operating temperature range, and the UCN5812EPF up to +75°C. 


FEATURES 


High-Speed Source Drivers 

60 V or 80 V Source Outputs 

Active DMOS Pull-Downs 

Low-Output Saturation Voltages 
Low-Power CMOS Logic and Latches 
3.3 MHz Minimum Data Input Rate 
Reduced Supply Current Requirements 
Improved Replacement for TL5812 


Always order by complete part number: 

PartNumber | Package __ Max V,, | 
UCNS5812AF 28 Pin DIP GOV | 
| UCN5812AF-1 80 V | 
iatodleh aes : 
) UCN5812EPF 28-Lead PLCC : 60 V : 
UCN5812EPF-1|; 80V | 


5812-F 
20-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


WITH ACTIVE DMOS PULL-DOWNS 


UCNS812AF 


FUNCTIONAL BLOCK DIAGRAM 
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Dwg. No. A-13,035 


Dwg. No. A-14.219 
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5812-F 
20-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


WITH ACTIVE DMOS PULL-DOWNS 


ELECTRICAL CHARACTERISTICS at T, = + 25°C, V,,, = 60 V (UCN5812AF/EPF) or 80 V 


(suffix *-1°) unless otherwise noted. 
Limits @ Vop = 5V {| Limits @ Vop = 12V = 


Characteristic Symbol Test Conditions Min. Typ. Max. 


Output Leakage Current lees Voyr = OV, Ty = +70°C — 5.0 ~-15 


Output Voltage Vv, lour = 725 MA, Va, = 60 V 
layr = “25 MA, Vag = 80 V" 78 7850 — V 
loyy = 1 MA ee = Vv 
2.0 


Output Pull-Down Current | 


Input Voltage 
ob 
Input Current ; : oes 0.1 ‘ 


Voyr = 5 V tO Veg 


OUT(O} 


Voyr = 20 V tO Ven 


Serial Data 1 11.7 118 

Output Voltage — a 3 ——— oS 
_ 100 

Maximum Clock Frequency oo 7.5 


Supply Current All Outputs High 


All Outputs Low 


Outputs Low 


Blanking to Output Delay Cc. = 30 pF, 50% to 50% —_— 1000 aa ns 
“C, = 30 pF, 50% to 50% — 850 — ns 
Output Fall Time C, = 30 pF, 90% to 10% _— 650 _ ns 


Output Rise Time C, = 30 pF, 10% to 90% — 60 — | ~ 700 — 


Negative current is defined as coming out ot (sourcing) the specified device pin. 
* UCN5812AF-1 and UCN5812EPF-1 only. 
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5812-F 
20-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


WITH ACTIVE DMOS PULL-DOWNS 


BLANKING aaa oe 
r— 6 — 
; | 
OUT J lites 
Dwg. Ne 12.229 


TIMING CONDITIONS 


(T, = +25°C, Logic Levels are V,,,, and Ground) 


Vop =5.0V 
A. Minimum Data Active Time Before Clock Pulse 
(MOD TIMO) 6038 wee 5 ated Wa as Pad ek eae ka oo 75 ns 
B. Minimum Data Active Time After Clock Pulse 
(Data TAGIG TMG is. 56 tuao-s page aun ta ph fp hens MASEL at OS 75 ns 
C. Minimum Data Pulse Width... 2.0.20. ee 150 ns 
D. Minimum Clock Pulse Width........... is toa ee isa ieeee 6, SOO Re bra 150 ns 
E. Minimum Time Between Ciock Activation and Strobe............ 300 ns 
F. Minimum Strobe Pulse Width .... 02.0000... .0000..0.0.020005. 100 ns 
G. Typical Time Between Strobe Activation and 
Oulu TIaMsISU ON 4a eee ode Se sy gee seh lus Seale es 500 ns 


Data 


Output Babee cle 


Serial Latch Contents 
Strobe 
Input i] I ! Pee | I 


Serial Data present at the input is trans- 
ferred to the shift register on the logic “0” to 
logic “1” transition of the CLOCK input pulse. 
On succeeding CLOCK pulses, the registers 
shift data information towards the SERIAL 
DATA OUTPUT. The SERIAL DATA must 
appear at the input prior to the rising edge of 
the CLOCK input waveform. 


Information present at any register is 
transferred to the respective latch when the 
STROBE is high (serial-to-parallel conver- 
sion). The latches will continue to accept new 
data as long as the STROBE is held high. 
Applications where the latches are bypassed 
(STROBE tied high) will require that the 
BLANKING input be high during serial data 
entry. 


When the BLANKING input is high, the 
output source drivers are disabled (OFF); the 
DMOS sink drivers are ON, the information 
stored in the latches is not affected by the 
BLANKING input. With the BLANKING input 
low, the outputs are controlled by the state of 
their respective latches. 


Output Contents 
i Po re I 


N-1 N N-1 N 


L = Low Logic Level H = High Logic Levei X = Irrelevant P = Present State 


R = Previous State 
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UCN5815A 
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Dwg. No, A-10,987 


ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 


Output Voltage, Voyp o- seer eee eee 60 V 
(SUK oe cg ete Ee et 80 V 
Logic Supply Voltage Range. 
Vopr cere ene 45Vto15V 


Load Supply Voltage Range, 


Vag cette e ee 5.0 V to 60 V 

(Sutfi 22) can new Se es 5.0 V to 80 V 
Input Voltage Range, 

Vinee eect ters -0.3VtoV,,+0.3V 
Continuous Output Current, 

Ey -40 mA 
Package Power Dissipation, P,, 

(DIP) sisssrrcess ah Rhein ce cada Cyne cechg 2.5 W* 

(PECG)e eae i ew athe ltthn aceoe 2.27 W* 
Operating Temperature Range, 

Tig daa trad, hubs -20°C to +85°C 
Storage Temperature Range, 

Tegodaciterte at ant oaeenset -55°C to +150°C 


$s 
* Derate linearly to 0 W at +150°C. 


Caution; CMOS devices have input static protec- 


LOGIC SUPPLY 


LOAD SUPPLY 


tion but are susceptible to damage when exposed 
to extremely high static electrical charges 


3-170 


BiMOS II 8-BIT 
LATCHED SOURCE DRIVERS 


Designed primarily for use with high-voltage vacuum-fluorescent 
displays, the UCN5815A and UCN5815EP BiMOS Hl integrated circuits 
consist of eight NPN Darlington source drivers with output pull-down 
resistors, a CMOS latch for each driver, and common STROBE, 
BLANKING, and ENABLE functions. Selected devices (suffix “-1”) have 
maximum output ratings of 80 V and 40 mA per driver. In all other 
respects, they are identical to the 60 V devices without the suffix. 


BiMOS II devices have considerably better data-input rates than 
the original BIMOS circuits. With a 5 V logic supply, they will typically 
operate above 5 MHz. With a 12 V supply, significantly higher speeds 
are obtained. The CMOS inputs cause minimum loading and are com- 
patible with standard CMOS, PMOS, and NMOS logic commonly found. 
in microprocessor designs. TTL or DTL circuits may require the use of 
appropriate pull-up resistors. 


The bipolar outputs may be used as segment, dot (matrix), bar, or 
digit drivers in vacuum-fluorescent displays. All eight outputs can be 
activated simultaneously at ambient temperatures in excess of 75°C. 
To simplify printed wiring board layout, output connections are opposite 
the inputs. A minimum component display subsystem, requiring few or 
no discrete components, can be assembled using the UCN5815A/EP 
with the UCN5810A/LW, UCN5812A/EP, or UCN5818A/EP serial-to- 
parallel latched driver. 


Suffix ‘A’ devices are furnished in a standard 22-pin plastic DIP; 
suffix ‘EP’ indicates a 28-lead PLCC. 


FEATURES 


4.4 MHz Minimum Date-Input Rate 
High-Voltage Source Outputs 

CMOS, PMOS, NMOS, TTL Compatible inputs 
Low-Power CMOS Latches 

Internal Pull-Down Resistors 


a 
a 
a 
| 
| 
lM Wide Supply-Voltage Range 


3815 
BiMOS I 8-BIT LATCHED SOURCE DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vig = GOV, Von =4.5 Vto12V 
(unless otherwise noted). : 


Output ON Voltage lou = 725 MA, Van = 60 V 


loyy = -25 MA, Vpn = 80 V, Suffix *-1" only 
Output Pull-Down Current Laue 


Output Leakage Current sete 


Input Voltage 


Input Current 


Supply Current All outputs ON, All outputs open 


All outputs OFF, All outputs open 


Vo5 = 5.0 V, All outputs OFF. All inputs = 0 V 


Von 
Veo 


= 12V, All outputs OFF. Al! inputs = 0 V 
= 5.0 V, One output ON. All inputs = 0 V 
Von = 12 V. One output ON. All inputs = 0 V 


NOTE: Positive (negative) current is defined as going into ‘coming out of) the specified device pin. 


TYPICAL INPUT TYPICAL OUTPUT 
CIRCUIT DRIVER 
Ov 
ae Vep 
IN OUT 
100 K 
Dwg. No. EP-010 4 Owg. No. EP 9213 
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5815 
BiMOS HI 8-BIT LATCHED SOURCE DRIVERS 


UCNS815EP 
2 
Ww Mire age 
3 Oo z =o 
a << ¢€ oo 
FE Zz 20D 
0) Ww Oo 2H 
i g 
6 z2 x 
w w = 
5 
o 


LOAD 


GROUND [15 
SUPPLY 


Dwg. No. A 74.357 


Information present at an input is trans- 
ferred to its latch when the STROBE and 
ENABLE are high. The latches will continue to 
accept new data as long as both STROBE and 
ENABLE are held high. With either STROBE or 
ENABLE in the low state, no information can be 
loaded into the latches. 


When the BLANKING inputis high, all of 
the output buffers are disabled (OFF) without 
affecting the information stored in the latches. 
With the BLANKING input low, the outputs are 
controlled by the state of the latches. 


The timing conditions shown above guaran- 
tee a 4.4 MHz minimum data input rate with a 
5 V supply. Typically, input rates above 5 MHz 
are permitted. With a 12 V supply, rates in 
excess of 10 MHz are possible. 


ENABLE ___| 


stro ———J LL a 
AbeC Bi Ae Co 
i | | 


BLANKING 4 : J l 
oe 
NN —[ +-, reee 
1D ae -- 
OUTy atresia | ay i 


Dwg. No. A-10,991 


TIMING CONDITIONS 


(V,» = 3 V, T, = +25°C, Logic Levels are V,,,, and Ground) 


DD 


A. Minimum Data Active Time Before Strobe Enabled 


(Data Set-Up Time): eu. c 8 i  ed ete eee ebm bees 50 ns 
B. Minimum Data Active Time After Strobe Disabled 
(Data Hold’ Time) esis ta aticd aoe eae SA g EE Bene er ares 50 ns 
C. Minimum Strobe Pulse Width ©... 000 eee 125 ns 
D. Typical Time Between Strobe Activation and Output 
ON TOOPP TranstlOn soca ian cg oad bee OO SN Fee See 5.0 us 
E. Typical Time Between Strobe Activation and Output 
ORE ICON TransiiOn 242 0i.940ee tebe Pad Wed ee Payee 500 ns 
F. Minimum Data Pulse Width........0.00000.0-00 00000 cee eee 225 ns 
TRUTH TABLE 
INPUTS 
IN, STROBE ENABLE BLANK T 
0 1 1 0 0 
1 1 { 0 1 
x X Xx 1 0 
Xx 0 x 0 { 
Xx 0) xX 0 fe) 
x x ce) 0 1 
xX Xx 0 0 0 


X = Irrelevant 
t-1 = Previous Output State 
t = Present Output State 
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UCNS5S816EP 


DIODE» - ; 
COMMON 1 © 


Dwg PP-030 


ABSOLUTE MAXIMUM RATINGS 
at T, = 25°C 
Output Voltage. Veet Saws ddelee 60 V 
Logic Supply Voltage, V,..-....--.. 
Input Voltage Range, 


IN Cotte e ee 


Output Current. |... eee eee 500 mA 
Package Power Dissipation, 

Pigs uieedee Age hye See Graph 
Operating Temperature Range. 

Tey -20°C to +85°C 


Storage Temperature Range, 
Debchca as sina ite ccieee -55°C to +150°C 


Caution: CMOS devices have input static 
protection but are susceptible to damage when 
exposed to extremely high static electrical charges. 


4-TO-16 LINE 
LATCHED DECODER/DRIVERS 


The UCN5816A and UCN5816EP 4-to-16 line latched decoder/ 
drivers combine low-power CMOS inputs and logic with 16 high- 
current, high-voltage bipolar outputs. The CMOS inputs cause minimal 
loading and are compatible with standard CMOS, PMOS, and NMOS 
logic. TTL or DTL circuits may require the use of appropriate pull-up 
resistors to ensure an input logic high. The logic operates over a 
supply range of 5 V to 12 V. A CHIP ENABLE function can be used 
with two devices for 5-to-32 line decoding applications. 


The 16 bipolar power outputs are open-collector 60 V Darlington 
drivers capable of sinking 350 mA continuously. Internal transient- 
suppression diodes provide protection for use with inductive loads. 
Other (3-to-8 line) addressable latched drivers are the UCN4807A and 
UCN4808A. 


The UCN5816A is supplied in a 28-pin dual in-line plastic package 
with 0.600” (15.24 mm) row spacing. The UCN5816EP is furnished in 
a 28-lead plastic chip carrier (quad pack) for minimum-area surface- 
mount applications. Both devices will drive 350 mA loads continuously 
over the full operating temperature range. 


FEATURES 


@ Addressable Data Entry 

@ 60 V Minimum Output Breakdown 

m@ CMOS, PMOS. NMOS, TTL Compatible Inputs 
M Low-Power CMOS Logic and Latches 

@ Output Transient Protection 

@ Output Enable and Strobe Functions 


Always order by complete part number: 
PartNumber Package 
UCN5816A 


28-Pin DIP | 
UCN5816EP  §28-Lead PLCC | 


i = eas sf 
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3816 
4-TO-16 LINE LATCHED DECODER/DRIVERS 


UCN5816A 
on 
GROUND 8 | GROUND E 
K .-§ 
eRasee No = 
2 
STROBE LATCHES WE. 26 J IN c 2 
LoGic ry] T | i iN Q 
suPPLY L. es 8 E 
OUTPUT _ ne a 
ENABLE fs A 8 
DIODE 0.7 DIODE 6.15 a 
COMMON COMMON fe 
OUT 9 OUTis = 
- is re 
OUT OUT 4 a 
> uw 
out of ! OUTig 7 
= x 
OUT 5 OUT 12 o 
a 
OUP al. OUT;; Ww 
a 
OUT 5 7 | OUTig 2 
; = 
OUT ¢ 16 | OUT s °o 
a 
out ; 0115! OUT a =< 
0 
ea hee 25 50 75 700 125 150 
AMBIENT TEMPERATURE IN °C 
Dwg. GP-028-1 
TYPICAL INPUT CIRCUITS TYPICAL OUTPUT DRIVER 
aT Yop OY re) 


metas a : 
i a 
1 =. \ 
IN | ES OUTPUT OE aaa 
: —~> ce 
SE ROBE E prone ia 
Li 


——_-—_¢ 


77 7 (ti 


Dwg. EP-010-4 Dwg. EP 010 3 Dwg. EP-021-4 
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5816 
4-TO-16 LINE LATCHED DECODER/DRIVERS 


ELECTRICAL CHARACTERISTICS at T ee 25°C, Vop = 5 V (unless otherwise specified). 


Limits 
Characteristic Symbol Min. Typ. Max. Units 


Output Saturation Voltage Vv 


CE(SAT) 


Input Voltage Vv 
Vinay 
Input Resistance 
) 


ea 
| 


DO(OFF 


Vop = 12 V, Outputs Open 
Vop = 5-0 V, Outputs Open 


All Drivers OFF, Ali Inputs = 0 V, 
OE = Vp, = 5.0 V 


All Drivers OFF, All Inputs = 0 V, 
OE =V,,=12V 


V,_ = 60 V, T, = +25°C 
Vq=60V, T, = +70°C 


Clamp Diode Ve |, = 350 mA — 1.5 
Forward Voltage 


Clamp Diode 
Leakage Current 


lp 
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3816 
4-TO-16 LINE LATCHED DECODER/DRIVERS 


Information presen: at the inputs is 


Shee a ee * a ae 8 ek transferred to the latches when the STROBE 
nf Aho Cal 8 Le cof ele Fite ene is high. The latches will continue to accept 
ahaa E | = ql | new data as long as the STROBE is held 
ENABLE bos 4 | logos! yg et te Lecce high. With the STROBE in the low state, no 
ne \ | i bea information can be loaded into the latches. 
LL eietatetetaiatatatatetetaiataten ar es Depending on the four address inputs, the 
wr oe See 4-to-16 line decoder enables one of the 
Soe ay] i J [Actes 16 output sink drivers. When the OUTPUT 


ENABLE is high, all of the outputs are dis- 
abled (OFF) without affecting the information 
stored in the latches. When the OUTPUT 
ENABLE is low, the outputs are controlled by 

: : a the information in the latches. When the 
igus Vaccieeeen cates CHIP ENABLE is low, all of the outputs are 

: disabled (OFF). With two decoder/drivers 
and an inverter, the CHIP ENABLE function 
can be used for 5-to-32 line decoding applica- 


pio Dwg. No. A 10,.895A 


os and Ground) 


A. Minimum Data Active Time Before Strobe Enabled 


(Data Set-US TIME) osc cen eee ee Peed eee ey 50 ns tions. 
B. Minimum Data Active Time After Strobe Disabled 
(Date HOld TING) ise oes tee ao ney Gees EER ERE eS 50 ns 
C. Minimum Strobe Pulse Duration ......0.0...0......0.020005. 125 ns 
D. Typical Time Between Strobe Activation and Output On to 
OUPTHAMSILON scree tnd o Byted sete ee Mah ale a ne wath MUNN at pas 500 ns 
E. Typical Time Between Strobe Activation and Output Off to 
Ons Hansitiont ont. 2*agec ae ans wee FMA ware an Sale e ant ed 500 ns 
G. Minimum Data Pulse Duration .....0.0..000 200.000... 0 020 eee 225 ns 
TRUTH TABLE 
CHIP IN, IN. IN, IN, OUTPUT OUTPUTS 
STROBE ENABLE (MSB) (LSB} ENABLE (OFF unless otherwise specified) 
| { 0 0 0 0 0 
1 1 0 0 0 1 0 
{ 1 0 0 1 0 0 
1 1 0 0 1 0 
1 1 0 1 0 0 0 
1 1 0 1 0 0 
{ { 6) 1 1 0 0 
1 1 0 1 1 0 
{ 1 1 0 Q Q 0) 
| 1 ‘ 0 0 0 
1 { 1 0 1 0 0 
4 1 q 0 1 0 
a 1 1 1 0 0 0 
1 4 ‘ 1 () 4 0 
4 4 1 1 1 0 0 
4 4 4 4 4 1 0 
0 { X x x X 0 
x 0 x xX x x x 
x x x x x x 1 


Q, = The output condition prior to the high-to-low transition of the STROBE input. 
X = Irrelevant 


a ee a eT 5 ee ee ae aE OS | 
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BiMOS IT 32-BIT SERIAL-INPUT, 


LATCHED SOURCE DRIVERS 


WITH ACTIVE DMOS PULL-DOWNS 


UCN5818EPF 


iN 


[a] 
q 


i 


he 


LAA 


clad 


3 


it 


al 


Dwg. No. A-14.245 


ABSOLUTE MAXIMUM RATINGS 


at T, = 25°C 

Logic Supply Voltage, Vo. 0... 1... 6. 15V 
Driver Supply Voltage. Vz, ......-... 60 V 

(SUT ED oy eis a ae rive SHOES 80 V 
Continuous Output Current, 

[sipped cetstutee- nae bens Snes -40 to +15 mA 
Input Voltage Range, 

Vigieidds nit onder! -0.3 Vto V,, +0.3.V 
Package Power Dissipation. P., 

(UENS818AP rien a pedy de Bee 3.5 W* 

(UCN5818EPF).............. 2.5Wt 
Operating Temperature Range, 

Tis ge areca oaeh werie k -20°C to +85'C 
Storage Temperature Range. 

Wea 44 ine ane ach okies -55°C to +150°C 


* Derate at rate of 28 mWi’C above Ty =+ 25°C 
+ Derate at rate of 20 MW’’C above Tyst2a5c 


Caution: CMOS devices have ingut static 
protection but are susceptible to damiage when 
exposed to extremely high static electrical 
charges. 


Designed primarily for use with vacuum fluorescent displays, the 
UCN5818AF and UCN5818EPF smart power BiMOS I! drivers combine 
CMOS shift registers. data latches, and control circuitry, with bipolar 
high-speed sourcing outputs and DMOS active pull-down circuitry. The 
high-speed shift register and data latches allow direct interfacing with 
microprocessor LS!-based systems. A CMOS serial data output en- 
ables cascade connections in applications requiring additional drive 
lines. Both devices feature 60 V and -40 mA output ratings, allowing 
them to be used in many other peripheral power driver applications. 
Selected devices (suffix ‘-1') have maximum output ratings of 80 V. In 
all other respects. devices with and without the ‘-1’ suffix are identical. 


These smart power drivers have been designed with BIMOS || 
logic for improved data entry rates. With a 5 V supply, they will typically 
operate above 5 MHz. At 12 V, significantly higher speeds are obtained. 
Use of these devices with TTL may require the use of appropriate pull- 
up resistors to ensure an input logic high. All devices can be operated 
over the ambient temperature range of -20°C to +85°C. 


The UCN5818AF is supplied in a 40-pin plastic dual in-line 
package with 0.600" (15.24 mm) row spacing. A copper lead frame, 
reduced supply current requirement, and low output saturation voltage 
permits operation with minimum junction temperature rise. The ‘A’ 
package allows all 32 outputs to be operated at -25 mA continuously 
over the operating temperature range. 


For high-density packaging applications, the UCN5818EPF is 
furnished in a 44-iead plastic chip carrier (quad pack) for surface 
mounting on solder lands with 0.050" (1.27 mm) centers. The PLCC 
allows -25 mA continuous operation of all outputs simultaneously at 
ambient temperatures to 60°C. 


Similar devices are available as the UCN5810AF/LWF (10 bits), 
UCN5811A (12 bits). and UCN5812AF/EPF (20 bits). 


FEATURES 

60 V or 80 V Source Outputs 

High-Speed Source Drivers 

Active DMOS Pull-Downs 

Low-Output Saturation Voltages 

Low-Power CMOS Logic and Latches 

3.3 MHz Minimum Data Input Rate 

Reduced Supply Current Requirements 

Improved Replacements for SN75518N/FN 

Always order by complete part number: 

| Part Numbers Package 
40-Pin DIP | 60 V i 


UCNS818AF — 
| UCN5818AF-1 '  g0V 


| UCNS818EPF  44-LeadPLCC | 60V _ 
UCN5818EPF-1 


80 V 


eae 4 
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5818-F 
32-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


WITH ACTIVE DMOS PULL-DOWNS 


UCNS5818AF 


sie FUNCTIONAL BLOCK DIAGRAM 


LOAD 
suppLy C4) Yep : Yoo £40] suppiy 
SERIAL SERIAL 
pata out ee ata tN nn iP © Vow 
OUT 30 (3 KK] [>(38) OUT, i 1 } Bee ‘ar ae 
SERIAL 
-f>4 SERIAL PARALLEL SHIFT REGISTER {>~o SERIAL 
UTsi Ca] <] > OUTs DATA IN L. ae OATA OUT 
OUT39 [5] H>-Bal ovr Ba [ees Le be See rh 
t STROBE ot [ LATCHES 
OUTog [6 J > OUT, Lah, etic 


_ 
OUT29 (7) £34] OUTs, BLANKING O41 eS a 
rc 
OUTy Ta] 33] OUT, } ee : 


aIPOLAR 

OUT 26 [3K] {>-{32] OUT, = y y \ \ 
out 2 OUT, } 

2s Ug q s ey 8 GROUND our. dur, our, OUT, OUT. OUT 
our P>30] OUT 

24 9 
OUT 93 [a2 }-<Y 125] OUT 1g 
OUT Ga] [>>428) OUT) 
ouT 

21 a) Par] OUT» 

; TYPICAL INPUT CIRCUIT 
OUT 59 > OUT) 3 


Voo 
OUT: [>{23] OUT yg 
BLANKING i ST STROBE i 
GROUND[Z0}—_ CLK £27} CLOCK es 
IN 
Dwg. No. A-12.269A 


TYPICAL OUTPUT DRIVER 


Dwg, No. A-13,035 


OUTN 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


) 
25 50 75 100 125 150 
AMBIENT TEMPERATURE IN°C yg 0 025 


Dwg. No. A-14,219 
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5818-F 
32-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


WITH ACTIVE DMOS PULL-DOWNS 


ELECTRICAL CHARACTERISTICS at T, = + 25°C, Vian = 60 V (UCN5818AF/EPF) 


or 80 V (suffix ‘-1’) unless otherwise iioted; 
Limits @ V,, = 5V | Limits @V,, = 12V fa 


Characteristic iti . i: 7 Min. Typ. Max. 
Output Leakage Current AS, 5.0 -15 Pua | 


Output Voltage : out = 725 MA, cn =60V 


-25 MA, Vag = 80 V" 


1 mA 


Output Pull-Down Current Voy = 5 V to Ven 


Vour = 20 V to Veg 


input Voltage 


Input Current 


Supply Current All Outputs High 


All Outputs Low 


Outputs High, No Load 


Outputs Low 
Blanking to Output Delay C, = 30 pF, 50% to 50% 


C. = 30 pF, 50% to 50% 


Output Fall Time cas C, = 30 pF, 90% to 10% 
Output Rise Time C. = 30 pF, 10% to 90% 


Negative current is defined as coming out ot (sourcing) the specified device pin. 
* UCN5818AF-1 and UCN5818EPF-1 only. 
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5818-F 
32-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


WITH ACTIVE DMOS PULL-DOWNS 


CLOCK rs an Saree eee eee aoe Seoese 


peo ae 
ere 


S(OGRR asceee = I Leet esas 


Psi Rinne a= Seo 


ommoo 


Be 
Pe ieee] I fe 


Dwg. No. 12,649A 


OUTN 


TIMING CONDITIONS 
(I, = +25°C, Logic Levels are V,,,, and Ground) 


Vop = 5.0 V 
Minimum Data Active Time Before Clock Pulse 

(Bata Set-Up Time) :« hash onncey aetd oder takin Hae aa 75 ns 

Minimum Data Active Time After Clock Pulse 
(Data:HOlds Time) A og cecerek Gent SEA: ae et Baath ate agate 75 ns 
Minimum Data Pulse Width... 2... .0.000.006 060.0000. c eee eee 150 ns 
Minimum Clock Pulse Width ..........000.00 0 cee eee eee 150 ns 
Minimum Time Between Clock Activation and Strobe............ 300 ns 
Minimum Strobe Pulse Width .. 0.0.00. 0.0. 0000p eee 100 ns 

. Typical Time Between Strobe Activation and 
Output Transistions suc Sascwad bein SN ere eae 500 ns 


Serial Data present at the input is trans- 
ferred to the shift register on the logic “O” to 
logic “1” transition of the CLOCK input pulse. 
On succeeding CLOCK pulses, the registers 
shift data information towards the SERIAL 
DATA OUTPUT. The SERIAL DATA must 
appear at the input prior to the rising edge of 
the CLOCK input waveform. 


Information present at any register is 
transferred to the respective latch when the 
STROBE is high (serial-to-parallel conver- 
sion). The latches will continue to accept new 
data as long as the STROBE is held high. 
Applications where the latches are bypassed 
(STROBE tied high) will require that the 
BLANKING input be high during serial data 
entry. 


When the BLANKING input is high, the 
output source drivers are disabled (OFF); the 
DMOS sink drivers are ON, the information 
stored in the latches is not affected by the 
BLANKING input. With the BLANKING input 
low, the outputs are controlled by the state of 
their respective latches. 


Output Contents 


L = Low Logic Level H = High Logic Level X = Irrelevant P = Present State 


R = Previous State 


3- 


180 


2821 rae 


2823 


CLOCK 


SERIAL DATA IN 


LOGIC GROUND 


= 
1 


Voo 


SERIAL DATA OUT 


STROBE 


OUTPUT ENABLE 


POWER GROUND 


Dwg. PP-26 


ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 


Output Voltage, Vo. 


(UCN5821A).........0..0.02.. 50V 

(UCN5822A). 2.0.0... ee 80V 

(UCN5823A)................. 100 V 
Logic Supply Voltage. V,,.-..-..-... 15V 
Input Voltage Range, 

Vinseaad teat oes O0.3VtoV,,+0.3V 
Continuous Output Current, 

Lauter ea teakees my tat hes 500 mA 
Package Power Dissipation, 

Pais taidinnd pale damm Gage tae dead 8 2.08 W* 
Operating Temperature Range, 

Tg sede idee odes -20°C to +85°C 
Storage Temperature Range, 

Micaee Sax edpernateceaban hve -55°C to +150°C 


Ss 
“Derate at the rate of 16.7 MW/°C above T, = +25°C 


Caution: CMOS devices have input static protec- 
tion but are susceptible to damage when exposed to 
extremely high static electrical charges. 


SHIE™ REGIST 
pe 
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BiMOS II 8-BIT SERIAL-INPUT, 
LATCHED DRIVERS 


A combination of bipolar and MOS technology gives the Series 
UCN5820A an interface flexibility beyond the reach of standard logic 
buffers and power driver arrays. The three devices in this series each 
have an eight-bit CMOS shift register and CMOS control circuitry, 
eight CMOS data latches, and eight bipolar current-sink Darlington 
output drivers. Except for maximum driver output voltage ratings, the 
UCN5821A, UCN5822A, and UCN5823A are identical. 


BiMOS II devices have much higher data-input rates than the 
original BIMOS circuits. With a 5 V !ogic supply, they will typically 
operate at better than 5 MHz. With a 12 V supply, significantly higher 
speeds are obtained. The CMOS inputs are compatible with standard 
CMOS, PMOS, and NMOS logic levels. TTL and DTL circuits may 
require the use of appropriate pull-up resistors. By using the serial data 
output, the drivers can be cascaded for interface applications requiring 
additional drive lines. 


FEATURES 


@ 3.3 MHz Minimum Data Input Rate 

m@ CMOS, PMOS, NMOS, TTL Compatible 
Ef internal Pull-Down Resistors 

@ Low-Power CMOS Logic & Latches 

@ High-Voltage Current-Sink Outputs 

@ 16-Pin Duai In-Line Plastic Package 


Always order by complete part number: 
Part Number | Max. V,u, | 
UCN5821A 50 V 
UCN5822A 80 V 

[ UCN5823A | 100V 


8 
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5821 THRU 5823 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVERS 


TYPICAL INPUT CIRCUITS FUNCTIONAL BLOCK DIAGRAM 


cLock G)-" - I =f: mae a aaa 


‘a v LA 
Rea B-BIT, SERIAL PARALLEL SHIFT REGISTER If >--© Bee ip 
y 


SN ok oe é L & 
| 09 
4 ~ 
| LATCHE I KH S@ stTROBE 
a <I (7) OUTPUT ENABLE 
L [ i (ACTIVE LOW} 


ki [ 1 5 
; BIPOLAR 
& y 58 POWER 


OUT, OUT: OUT, OUT, OUT, OUTs OUT, OUT, GROUND: 


LOGIC 
GROUND | 


ite 
| 


STROBE 
OUTPUT O 
ENABLE 


Dwg. FP-013 


Dwg. No. EP-010-3 


Number of Outputs ON Max. Allowable Duty Cycle 
(louy = 200 mA at Ambient Temperature of 
Vop = 12 V) 25°C 40°C 50°C 60°C 70°C 


S-NWOHADN DW 


Dwg. No. EP-010-4 


TYPICAL OUTPUT DRIVER 


OUT 


SUB 


Dwg. No. A-14,314 
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5821 THRU 5823 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vop = 5 V, (unless otherwise ee 


Applicable | Limits 
Characteristic Symbol Devices Test Conditions nf 


Output Leakage Current UCN5821A = 50V 


= 50 V, T, = +70°C 


UCN5822A =80V 


UCN5823A 


: 


input Voltage ALL 


1 = 100 V 


Vou 
Ve 
Vou 
Vour = 80 V, T, = +70°C 
M5 
va 


= 100 V, T, = +70°C 


Collector-Emitter 


ut = 100 mA 
Saturation Voltage 


yr = 200 mA 


ur = 350 MA. V,, = 7.0 V 


ALL 


input Resistance 


Supply Current One Driver ON. Voy = 12 V 


One Driver ON, V,, = 10 V 


One Driver ON, V,,, = 5.0 V 


Vop = 5.0 V, All Drivers OFF, All Inputs = 0 V 


Von = 12 V, All Drivers OFF, All Inputs = 0 V 
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5821 THRU 5823 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVERS 


Serial Data present at the input is trans- 

CLOCK eae) es awe ferred to the shift register on the logic “0” to 
A >——4 logic “1” transition of the CLOCK input pulse. 
B b- On succeeding CLOCK pulses, the registers 

DTA Asc NN) SN shift data information towards the SERIAL 

— —-e— F = DATA OUTPUT. The SERIAL DATA must 

c appear at the input prior to the rising edge of 
the CLOCK input waveform. 


STROBE 


Information present at any register is 
ouTPuT | transferred to its respective latch when the 
STROBE is high (serial-to-parallel conver- 


ENABLE re : , : 
pees Oras 1 sion). The latches will continue to accept new 
OUTy, data as long as the STROBE is held high. 
‘| Applications where the latches are bypassed 
Reeds (STROBE tied high) will require that the 
ae ENABLE input be high curing serial data 
entry. 
TIMING CONDITIONS When the ENABLE input is high, all of the 
(Vpp = 5.0 V, T, = +25°C, Logic Levels are V,,,, and Ground) output buffers are disabled (OFF) without 
affecting the information stored in the latches 
; ; or shift register. With the ENABLE input low, 
A. Minimum Data Active Time Before Clock Pulse ihe outputs are controlled by the state of the 
(Data:Set-Up Time)... .ee ig ogee ee eae ee he ba a Gas 75 ns latches. 
B. Minimum Data Active Time After Clock Pulse 
(Data Gl TiMe@y ent ne iyi pec hale Pah Belk mae 75 ns 
C. Minimum Data Pulse Width ..........0.00200 000020 e eee eee 150 ns 
D. Minimum Clock Pulse Width 2.220.220 22 eee 150 ns 
E. Minimum Time Between Clock Activation and Strobe ..........-. 300 ns 
F. Minimum Strobe Pulse Width... 00.0... eee 100 ns 
G. Typical Time Between Strobe Activation and 
OUtUTTRANSIION as. ee ea av on Bars, uel yeh eas chy hee 4 500 ns 


Output Contents 


L = Low Logic Level H = High Logic Level X = Irrelevant P= Present State R = Previous State 
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BiMOS I 8-BIT SERIAL-INPUT, 
LATCHED SATURATED SINK DRIVER 


The UCN5824<A serial-input. latched sink driver is used in 
applications where a low output-saturation voltage, minimum parts 
count, and minimum logic supply current are desirable. The monolithic 
combination of CMOS logic and bipolar drivers provides an interface 
flexibility beyond the reach of standard buffers. 


CLOCK 


a This device contains a high-speed 8-bit CMOS shift register, a 


CMOS data latch for each driver, and open-collector saturated 
(non-Darlington) drivers. The CMOS shift register and latches allow 


LOGIC GROUND 


at EEE} 
i 
b 
© 


Yoo B lel op 2u7,] operation with most microprocessor/LS|-based systems. With a 5 V 
x7 rey logic supply, BIMOS II devices will typically operate at a data input rate 
SERIAL DATA OUT z s P44 SNS of better than 5 MHz. With a 12 V supply, significantly higher speeds 
pao o Bie are obtained. The CMOS inputs cause minimum loading and are com- 
* 2 oe patible with standard CMOS, PMOS, and NMOS circuits. Use with TTL 
OUTPUT ENABLE OUT > may require input pull-up resistors to ensure an input logic high. A 
CMOS serial data output allows cascading for interface applications 
POWER GROUND OUT, requiring additional drive lines. Similar devices, with high-current, high- 
voltage Darlington outputs, are the UCN5821/22/23A, 
The UCN5824A is supplied in a 16-pin plastic dual in-line package 
with a copper lead frame for improved package power dissipation. 
Continuous operation under worst-case conditions is permitted without 
derating. 
FEATURES 
M@ Low Output Saturation Voltage 
M100 mA Continuous Output Current 
#50 V Minimum Output Breakdown 
ABSOLUTE MAXIMUM RATINGS @ 3.3 MHz Minimum Data Input Rate 
at T, = +25°C @ Low-Power CMOS Logic & Latches 
@ Output Enable and Strobe Functions 
Output Voltage, Vee ee, 50 V 
Output Current. Igo... eee ...125 mA 
Logic Supply Voltage, Vy. .......... 15V 
Input Voltage Range. 
Vit opsle btormapt ih -0.3VtoV,,+0.3V 
Package Power Dissipation, 
Po Wen ind a gehen Rite Nae GR 2.08 W* 
Operating Temperature Range. 
Tog tet tet secs shea ane -20°C to +85 C 
Junction Temperature, T,.. 0.0.0... +150 C 
Storage Temperature Range. 
Meg eSBs iverut gain tte . -85 C to +150°C 
*Derate at the rate of 16.7 mW: C above T, = +25°C. 


Caution: CMOS devices have input static protection 
but are susceptibie to damage when exposed to 
extremely high static electrical charges 


Always order by complete part number: [UCN5824A\. 


A eI I EES PL I TT IGG 2 A aT ra IE SD 
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53824 
BiMOS I 8-BIT SERIAL-INPUT, 
LATCHED SATURATED SINK DRIVER 


FUNCTIONAL BLOCK DIAGRAM 


CLOCK 4 
ee oer ae ae Sank, 


Py ra 8-BIT, SERIAL- PARALLEL SHIFT REGIS BATA OUT 


(@) Yoo 
LOGIC E 
GROUND p (©) STROBE 
@) OUTPUT ENABLE 
(ACTIVE LOW) 


POWER 


GROUND 


Dwg. FP-013 


Shift Register i Latch Output 
Contents Contents Output ee 


L = Low Logic Level H = High Logic Level = Irrelevant P = Present State R = Previous State 
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5824 
BiMOS IU 8-BIT SERIAL-INPUT, 


LATCHED SATURATED SINK DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V,, = 5.0 V (unless otherwise noted). 


Output Leakage Current = 50 V,T, = +25°C 
ie = 50V, T, = +70°C <1.0 100 HA 
Vv 


0 500 
Input Voltage = 3.5 - 5.3 Vv 
10.5 - 12.3 Vv 

-0.3 - 0.8 


Vv 
A 


Supply Current All Outputs OFF, V,, = 5.0 V, Note = mn 
All Outputs OFF, V,,, = 12 V, Note LA 
One Output ON, (= =5.0V : mA 
One Output ON, V,, = 12 V mA 


MHz 


Serial Data Output Voltage 45 4.7 
an er Ai AGB 
ur = 200 HA, Vip = 5.0 V 200 
yr = 200 HA, Vp, = 12. V 


Vourio 


Output Enable to Output Delay I, = 100 mA 
(Resistive Load) Il, = 100 mA 


is measured with V, 2VA.= Van V, = Vy =O0V. 


NOTE: lppiorry | STROBE ~ “oe ~ Yoo" YcLock * 
Negative current is defined as coming out of (sourcing) the specified device terminal 
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5824 
BiMOS II 8-BIT SERIAL-INPUT, 


LATCHED SATURATED SINK DRIVER 


TIMING CONDITIONS 


(T, = +25°C, V,,, = 5 V, Logie Levels are V,,,, and Ground) 


A. Minimum Data Active Time Before Clock Pulse 

(Data Set-Up Time)... eee ees 75 ns 
B. Minimum Data Active Time After Clock Pulse 

(Data Hold: TiM@)§s ie fe. Fein yt ays atte pe noe ee bo SHS. Sioa 75 ns 
C. Minimum Data Pulse Width. ......00 2000000 ee 150 ns 
D. Minimum Clock Pulse Width ... 0.0.00... cee ee 150 ns 
E. Minimum Time Between Clock 

Activation and Strobe 2.0.20... 0... 300 ns 
F. Minimum Strobe Pulse Width 2.00.00... 0000 ee eee 100 ns 
G. Typical Time Between Strobe 

Activation and Output Transition ...... 66... ee ee 1.0 us 


Data present at the SERIAL DATA INPUT is transferred to the 
shift register on the logic “0” to logic “1” transition of the CLOCK input 
pulse. The data must appear at the input prior to the rising edge of the 
clock input waveform. On succeeding clock pulses, the registers shift 
data information towards the SERIAL DATA OUTPUT. 


Information present at any register is transferred to its respective 
latch when STROBE is high (serial-to-parallel conversion). The latches 
will continue to accept new data as long as STROBE is held high. tn 
applications where the latches are bypassed (STROBE tied high), the 
outputs will follow the data stream (shift register data) unless the 
OUTPUT ENABLE is held high during serial data entry. 


When OUTPUT ENABLE is high, all of the output buffers are 
disabled (OFF) without affecting the information stored in the latches or 
being clocked through the shift register. With OUTPUT ENABLE low, 
the outputs are controlled by the state of the latches. 
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OUTPUT ENABLE & STROBE 
INPUT CIRCUITS 


Dwg. EP-010-6 


SERIAL DATA IN & CLOCK 
INPUT CIRCUITS 


¥ 

| | 

oo oo | 

| 
Dwg. EP-010-7 


TYPICAL OUTPUT DRIVER 


=O OUT 
>We 
LR POWER 
“© GRouND 
SUB 
Owg. EP-021-1 


Dwg. PP-£28 


ABSOLUTE MAXIMUM RATINGS 


Output Voltage, Voge ccc eee eee 50V 
Output Current, lu, 

(Continuous). ...........0.005 16A 

(PBA) a anscura ch a lesoae Sy wk NA 18A 
Logic Supply Voltage, V,......-...7.0V 
input Voltage Range, 

Migpisaigttest ened 5 03 VtoV,,+03V 


Package Power Dissipation, 


Piiaidhteers sdughues howe iateey See Graph 
Operating Temperature Range. 

Tage scence sti Sia JE -20°C to +85°C 
Junction Temperature, T)........ +150°C* 
Storage Temperature Range. 

T -55°C to +150°C 


* Fault conditions which produce excessive 
junction temperature will activate device thermal 
shutdown circuitry. These conditions can be 
tolerated, but should be avoided. 


Caution: This CMOS device has input static 
protection but is susceptible to damage when 


exposed to extremely high static electrical charges. 


9-BIT SERIAL-INPUT, 
LATCHED SINK DRIVER 


Intended primarily to drive high-current, dot matrix 9- and 24-wire 
printer solenoids, the UCN5829EB serial-input, latched sink driver 
provides a complete driver function with a minimum external parts 
count. Included on chip are constant-frequency PWM current control 
for each output driver, a user-defined output enable timeout, current 
sensing, and thermal shutdown. 


The 9-bit CMOS shift register and latches allow operation with most 
microprocessor/LS!-based systems. With a 5 V logic supply, these 
BiMOS devices will operate at data input rates greater than 3.3 MHz. 
The CMOS inputs cause minimum loading and are compatible with 
standard CMOS, PMOS, NMOS, and TTL circuits. A CMOS serial data 
output allows cascade connections in applications requiring additional 
drive lines as required for 24-wire printheads. 


The device features nine open-collector Darlington drivers, each 
rated at 50 V and 1.6 A. Current-contro! for each output is provided by 
an internal current-sensing resistor and a constant-frequency chopper 
circuit. An external high-side driver can be used to optimize print head 
performance. It is enabled by an on-chip driver during the output 
enable timeout. Internal logic sequencing prevents false output opera- 
tion during power up. Other high-current devices for driving dot matrix 
printheads are the UDN2962W and UDN2974W. 


The UCN5829EB is supplied in a 44-lead power PLCC. Its batwing 
construction provides for maximum package power dissipation in a 
minimum-area, surface-mountable package. 


FEATURES 


1.6 A Continuous Output Current 

50 V Minimum Sustaining Voltage 

Internal Current Sensing 
Constant-Frequency PWM Current Control 
Control for External High-Side Driver 

3.3 MHz Guaranteed Data Input Rate 
Low-Power CMOS Logic & Latches 
Internal Pull-Ups for TTL Compatibility 
User-Defined Output Enable Timeout 
Internal Thermal Shutdown Circuitry 


Always order by complete part number: | UCN5829EB , 
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3829 
9-BIT SERIAL-INPUT, LATCHED SINK DRIVER 


FUNCTIONAL BLOCK DIAGRAM 


HIGH-SIDE 
ORIVER 


CHOP CURRENT 


INHIBIT CONTROL 


ONE OF 
NINE DRIVERS, 


SRIFT REGISTER 
LATCHES 


TO OUTPUTS 4 


TO OUTPUTS 
4,68 


ae Ae te 


SERIAL 
DATA OUT 


ND 
SS. 
@ 
oO 


fe 
fe 


Dwg. FP-015 


i) 
a 


nN 
S 


a 


f=] 


Q 
25 50 75 100 125 150 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


Dwg. GP-020 
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3829 
9-BIT SERIAL-INPUT, LATCHED SINK DRIVER 


TYPICAL INPUT CIRCUITS TYPICAL OUTPUT DRIVER 
Yoo 
OUTy 
iz 
IN 
«<I Q 
Dwg. EP-010-3 Dwg. EP-021-2 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V,,,, = 4.75 to 5.25 V, 


in Test Circuit/Typical Application (unless otherwise noted). 


Test Conditions Min. Typ. = Max. | Units | 


Output Power Drivers (OUT, through OUT,) with ae 24.5V 


Control Logic 


HSD Output Saturation Voltage I, = 20 mA : ‘ 


Logic Input Voltage Vinca: 


Vino, 
Logic Input Current 


Reference Input Current 
Logic Supply Current All Drivers OFF 
= 2.0 V) All Drivers ON, No Load 


(V, 


REF 


Continued next page... 
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9-BIT SERIAL-INPUT, LATCHED SINK DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vop = 4.75 to 5.25 V, 
in Test Circuit/Typical Application (unless otherwise noted). 


Chopping Characteristics (T, = +25°C to +150°C) with Fast Clamp Diodes 
Rey = 30 kQ2, Coy = 0.01 pF 285 300 315 us 
Chopping Frequency fs Ro = 20 kQ2, C, = 250 pF 90 100 110 kHz 
|e 


Duty Cycle Range de ton! bon + ton 15 - 50 % 


Vere = 2.0 V, fy, < 100 kHz 
Vier = 3:0 V, fy, < 100 kHz 


Chop Current Level leaip 


Output Current Control Range Veer 
‘raup 

d 
Veer 


) 


Negative current is defined as coming out of (sourcing) the specified device terminal. 


EXTERNAL HIGH-SIDE DRIVERS 


CHARGE-PUMP CIRCUITRY 


NMOS PMOS FOR SINGLE-SUPPLY OPERATION 
Vege 10V- Neg Ves VeB 
0.022 tL 
uF 
10V 
Dwg. EP-027 Dwg. EP-028 Dwg. EP-026 
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TEST CIRCUIT AND 
TYPICAL APPLICATION 


CHARGE 
PUMP 


OUTPUTS 


HIGH-SIDE 
DRIVER (HSD) 


SERIAL 
SERIAL © DATA OUT 
DATA IN 

; Dwg. EP-023 


TRUTH TABLE 


Latch Output 
Strobe ame Cevens 


Shift Register 
Contents* 


Serial 
Data 


Output 


* Serial Data Output connected to Input, 
L = Low Logic Level H=HighLogicLevel X = Irrelevant 


P= Present State R = Previous State 
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DATA IN 


STROBE a ie 


= G-— > 


HIGH-SIDE | | 


DRIVER OUT 


LOAD 
CURRENT 


Dwg. WP-011 


TIMING CONDITIONS 
T, = +25°C, Logie Levels are V,,,, and Ground 


A. Minimum Data Active Time Before Clock Pulse 


(Data Set-Up Time)... eens 75 ns 
B. Minimum Data Active Time After Clock Pulse 

(Data: Hold TiM@) sinc i ou Aiea Neh ote oats hah 75 ns 
C. Minimum Data Pulse Width... 06... eee 250 ns 
D. Minimum Clock Pulse Width 2.0.0.0... 0 ee ee 250 ns 
E. Minimum Time Between Clock Activation and Strobe............ 500 ns 
F. Minimum Strobe Pulse Width 06.0.0... 0.2 eee 500 ns 
G. Enable Timeout, toy... 2 ee eee Ren Cen 
H. Chop Period™, t+ toy occ cc eens 2R.C, 


* Chopping is disabled if V,_, is greater than 4.5V. 
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9-BIT SERIAL-INPUT, LATCHED SINK DRIVER 


APPLICATIONS INFORMATION 


The UCN5829EB is designed to drive high-current, 9- or 24-wire 
(3 devices cascaded) dot matrix impact printer solenoids. The internal 
CMOS control logic: 


1) selects the operating channels from a 9- or 24-bit word previously 
loaded into the shift register, 

2) controls the peak load current of the output drivers via nine 
constant-frequency switch-mode current choppers, 


3) sets a user-defined print enable time, and 


4) turns ON an external high-side driver during the print enable 
interval. 


Data present at the SERIAL DATA INPUT is transferred to the shift 
register on the low-to-high transition of the CLOCK input pulse. The data 
must appear at the input prior to the rising edge of the clock input waveform. 
On succeeding clock pulses, the registers shift data information towards the 
SERIAL DATA OUTPUT. Information present at any register is transferred 
to its respective latch on the high-to-low transition of the STROBE (serial-to- 
parallel conversion). Drivers that have a logic high stored in their latch will 
be enabled for a set time interval (t.,) generated by an internal one-shot. 
The output current is internally sensed and controlled in a fixed-frequency 
chopper format. Between strobe pulses, a new data word can be clocked in 
for the next print enable cycle. 


PRINT ENABLE TIME 


A high-to-low transition of the STROBE input starts an internal one-shot 
which sets the print enable time (t,,) of the output drivers and the external 
high-side driver. The print enable ‘time is determined by an external resistor 
(50 kQ max) and capacitor (100 pF min) at RC,,, as 


= Ren Cey 


The print enable time can also be controlled from a microprocessor. In 
this mode, the internal one-shot is operated as an output disable function. 
in this mode, R,,, and C.,, are not used; instead a 10 kQ series resistor is 
connected between RC... and an externally generated output disable pulse. 
As before, on the high-to-low STROBE transition, the outputs will be en- 
abled. They will remain enabled until a low-to-high logic (23.3 V) DISABLE 
transition at RC,,, 


When operating in a continuous chopping mode, and neither print 
enable timeout nor output disable are desired, RC,, should be grounded. 


HIGH-SIDE DRIVER 


To reduce the current decay time at the end of a print enable cycle, 
an external high-side driver can be used and controlled by the HIGH-SIDE 
DRIVER (HSD) output. The HSD is designed to drive an external 
N-channel MOSFET (with accompanying charge pump circuitry). During 
the print enable time (t,,.), the internal high-side driver is OFF, allowing the 
external high-side driver to be ON. if the external high-side driver is a 
P-channel device (eliminating the need for charge-pump circuitry), the 
HSD signa! must be inverted for correct operation. 


If an external high-side driver is used, an external ground clamp diode is 
also required. 


TS en eee] 
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OUTPUT CURRENT CONTROL 


Each of the nine channels consists of a power Darlington sink driver, 
internal low-value current-sensing resistor, comparator, and an R/S flip-flop. 
The output current is sensed and controlled independently in each channel 
by means of a fixed-frequency chopper which sets the flip-flop and allows 
the output to turn ON. As the current increases in the load it is sensed by 
the internal sense resistor until the sense voltage equals the trip voltage of 
the comparator. At this time, the flip-flop is reset and the output is turned 
OFF. Over the range of V,,, = 1.0 V to 3.2 V, the output current trip point 
is a linear function of the reference voltage: 

Law = Veer/2 

To ensure an accurate chop current level, an external 5 kQ resistor 
(Ry) is used. The actual load current peak will be slightly higher than the 
trip point (especially for low-inductance loads) because of the internal logic 
and switching delays (typically 300 ns). After turn-off, the load current 
decays, circulating through the load and an external clamp diode. The 
output driver will stay OFF until the next chop pulse sets the flip-flop, 
turning ON the output, and allowing load current to rise again. The cycle 
repeats, maintaining the average printhead current at the desired level. 


The chop pulse frequency is determined by an external resistor and 
capacitor at RC_: , 


2R,C, 


ch 


To reduce the power supply and ground noise developed when operat- 
ing nine channels synchronously, the outputs are split into two groups 
(OUTPUTS 2, 4, 6, 8 and OUTPUTS 1, 3, 5, 7, 9) for chopping pulses. 


The chopping function is disabled when V,.. > 4.5 V. To prevent 
operation at higher than allowable current levels, V,,,- should not exceed 
3.2 V, except to disable the chopping function. 


DUTY CYCLE LIMITS 


For correct operation of the UCN5829EB, the duty cycle must be 
between 15% and 50%. The lower limit is due to internal lockout circuitry 
while the upper limit guarantees synchronous operation. The duty cycle 
(dc) can be calculated as 


de = th - lourey / louriasye) + V/V, 
habte T+vy/v, 
where — lourasym = the asymptotic current value = v./R, 


v, = discharge voltage across the load = Vic. + Voiooe 
v, (SAT) — Vuso 


c 


charge voltage across the load = V., - Vou; 


For most practical cases, correct operation can be achieved if 
| ‘ loury> 25° 


OuTiasym)" “OUT(P. 
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GENERAL 


For applications with 9-wire printheads, SERIAL DATA OUT should be 
connected to IN,. For 24-wire printhead applications, three devices (eight 
channels per device) are cascaded by connecting SERIAL DATA OUT to 
the next SERIAL DATA IN. 


Each of the CMOS logic inputs have internal pull-up resistors for TTL 
compatibility. 


An external transient-protection flyback diode is required at each output. 
Fast recovery diodes are recommended to reduce power dissipation in the 
UCN5829EB. Internal filtering prevents false triggering of the current sense 
comparator which can be caused by the recovery current spike of the 
diodes when the outputs turn ON. 


The SUPPLY terminal should be well decoupled with a capacitor placed 
as close as possible to the device. Internal power-ON reset circuitry 
prevents false output triggering during power up. 


Thermal protection circuitry is activated and turns OFF all drivers at a 
junction temperature of typically +165°C. The thermal shutdown is inde- 
pendent of all other functions. It should not be used as another control 
input but is intended only to protect the chip from catastrophic failures due 
to excessive junction temperatures. The output drivers are re-enabled 
when the junction temperature cools down to approximately +145°C. 


TYPICAL APPLICATION 


Shown is a typical application with the UCN5829EB controlling a chop 
current of 1 A through a 3 mH, 9 Q load. To check the duty cycle and 


louriasymy lourey restrictions 


where v,=V...+V = 15+1.5 =3 


ad HSB DIODE 


V, = Vag V Vigo = 36-1.5-1.5 = 33 


¢ 8B ouTisaT) YH 
lourtasym) = Ve/ RL = 33/9 = 3.67 
then lourjasym)/ lourie, = 3-67 / 1 = 3.67 
The condition Of louriasym/ four, > 2:5 iS met and the duty cycle will be within 
the proscribed limits. The actual duty cycle is 
| /l + V/V, 1.0/3.67 + 2.5/33 


OUT/P)* “OUT! 
de = ( (asym| = = 32% 


T+vy/v, 1+ 2.5/33 


For a 50 kHz chopping frequency and a 250 us print enable time, the 
remaining component values are 


= 250 pF and C,,, = 0.01 uF 
1/(2 fy, C,) = 1/(2 x 50 x 10° x 250 x 102) = 40 kQ 


with 


Hl 


C, 
then Ro 
and Ren 


= try! Cay = 250x 10°/ 10x 10% = 25kQ 
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K ° OUT3 


OUT) o of OUT 4 


OUT, o OUTPUT ENABLE 


GROUND 


GROUND 


GROUND GROUND 


SUPPLY S STROBE 


IN INg 


IN2 IN3 


Owg. PP.025-1 


ABSOLUTE MAXIMUM RATINGS 
atT, <+ 150°C 


Output Voltage, Voge 


sus} 


peak) 


Output Voltage, Veg, 


Output Current, loyr ( 
(continuous) 
Logic Supply Voltage, V,., 
CMOS Input Voltage Range, 
0.3 V to Vi, +0.3V 


See Graph 
Operating Temperature Range, 
-20°C to +85°C 
Storage Temperature Range, 


| re -55°C to +150°C 


“For inductive load applications: The sum of the 
toad supply voltage and the clamping voltage 


Output current may be limited by duty cycle. 
number of drivers operating, ambient temperature 
and heat sinking. Under any set of conditions. do 
not exceed the specified maximum current rating 
or a junction temperature of 150°C 


Caution: CMOS devices have input static protec- 
tion but are susceptible to damage when exposed 
to extremely high static electrical charges. 


3-198 


BiMOS II 4-BIT 
LATCHED DRIVER 


The UCN5830B latched driver is a high-current integrated circuit 
comprised of CMOS data latches, a bipolar Darlington transistor driver 
for each latch, and CMOS control circuitry for the common STROBE 
and OUTPUT ENABLE functions. Although primarily designed for use 
with 2-phase unipolar stepper motors, this device can also be used to 
drive relays, solenoids, or incandescent lamps within its 1.2 A peak 
output current rating. The bipolar/CMOS combination provides an 
extremely low-power latch with maximum interface flexibility. 


The CMOS inputs cause minimum loading and are compatible 
with most microprocessor/LSI-based systems. TTL or DTL circuits 
may require the use of appropriate pull-up resistors to ensure an 
input logic high. The latches will typically accept data at better than 
a 4.4 MHz rate. 


The bipolar power outputs are open-collectcr 50 V Darlington 
drivers with a sustaining voltage of 45 V and integral clamp diodes for 
inductive load transient suppression. Under normal operating condi- 
tions, the four outputs can simultaneously sink load currents in excess 
of 500 mA continuously and without additional heat sinking. A similar 
device, featuring saturated (non-Darlington) outputs, is the UCN5831B. 


The UCN5830B is furnished in a 16-pin plastic dual in-line batwing 
package with a copper lead frame and heat-sinkabie tabs that maximize 
the device's power-handling capabilities. 


FEATURES 


50 V Minimum Output Breakdown 

45 V Minimum Sustaining Voltage 

1.2 A Peak Output Current 

Reduced Supply Current Requirements 
Internal Transient Suppression 
Low-Power CMOS Latches 

Output Enable and Strobe Functions 


Always order by complete part number: |UCN5830B] . 
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FUNCTIONAL BLOCK DIAGRAM 
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OUTPUT ENABLE 
(ACTIVE LOW) 


GROUND 


COMMON MOS CONTROL TYPICAL MOS LATCH TYPICAL BIPOLAR DRIVE 


Dwg. FP-016 


TRUTH TABLE 
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Dwg. GP-004.1 Dwg. EP-010-1 
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ELECTRICAL CHARACTERISTICS at T, = +25°C, T, < +150°C, VV), = 5V 
(unless otherwise noted). 


Limits 


Characteristic Test Conditions Min Typ. Max. 


Output Leakage Current el V, = 50V - 


oex 
it 
Clamp Diode Leakage Current lp 
Clamp Diode Forward Voltage Ve 
Logic Input Voltage IN(1) 
IN(O) 
Logic Input Current INO) 
IN(O) 


Vv 
Vo 
Vv 
Vv 
i] — 
| 
Logic Supply Current All Outputs OFF 
One Output ON 
TYPICAL APPLICATION 


UNIPOLAR STEPPER-MOTOR DRIVE 


Voc + Vz + Ve 


ana aes = Voo+¥ 
Voo 5 CC* *F 


OUTPUT 
VOLTAGE 


ZENER CLAMP. 


SS a DIODE CLAMP 


OUTPUT 
CURRENT 


Vex 


iN 3 
IN 2 
STROBE 


motor. A Zener diode is used to increase the flyback OUTPUT ENABLE (Active Low) 


Dwg. WP-001 


A typical application is shown driving a unipolar stepper- 


voltage. This gives a much faster inductive load turn-OFF 
current decay. The maximum Zener voltage plus the load 
supply voltage plus the internal diode forward voltage Dwg. EP-018-4 
must not exceed the device's rated sustaining voltage. 
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OUTPUT 
ENABLE 


STROBE 


Dwg. WP-009-1 
TIMING CONDITIONS 
Logic Levels are V,,,, and Ground 
A. Minimum Data Active Time Before Strobe Enabled 
(Data Set-Up Time)... 0.0.0.0... 00.00.0000 eee, 50 ns 
B. Minimum Data Active Time After Strobe Enabled 
(Data Hold Time)... ee 50 ns 
C. Minimum Strobe Pulse Width ..................0.000. 125 ns 
D. Typical Time Between Strobe Activation and Output Turn-OFF 
Transition (Resistive Load) .............. 00.0004, 500 ns 
E. Typical Time Between Strobe Activation and Output Turn-ON 
Transition (Resistive Load) .................0.00, 100 ns 
F. Minimum Data Pulse Width ...........0.0. 0.000... 000. 225 ns 


Data present at an input is transferred to its respective latch when 
STROBE is high. The latches will continue to accept new data as long 
as STROBE is held high. In applications where the latches are by- 
passed (STROBE tied high), the outputs will follow the data unless the 
OUTPUT ENABLE is high during data entry. 


When OUTPUT ENABLE is high, all of the output buffers are 
disabled (OFF) without affecting the information stored in the latches. 
With OUTPUT ENABLE low, the outputs are controlled by the state of 
the latches. 
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K ° OUT3 
OUT? ° ss OUT, 
OUT, ° oe OUTPUT ENABLE 


GROUND 


GROUND 


GROUND GROUND 


SUPPLY STROBE 


INy INq 


IN2 IN3 


Dwg, PP-025 


ABSOLUTE MAXIMUM RATINGS 
at T, <+150°C 


Output Voltage, Vo¢ 
Output Voltage, V, 
Output Current, | 
(continuous) 
Logic Supply Voltage, V,,, 
CMOS Input Voltage Range, 
-0.3 V to Vi) + 0.3 V 


CEisus) 


our (peak) 


See Graph 
Operating Temperature Range, 
-20°C to +85°C 


Storage Temperature Range, 
-55°C to +150°C 


*For inductive load applications: The sum of the 
load supply voltage and the clamping voltage. 


Output current may be limited by duty cycle, 
number of drivers operating, ambient temperature. 
and heat sinking. Under any set of conditions, do 
not exceed the specified maximum current rating 
or a junction temperature of 150°C, 


Caution: CMOS devices have input static protec- 
tion but are susceptible to damage when exposed 
to extremely high static electrical charges. 
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BiMOS II 4-BIT 
LATCHED DRIVER 


Combining CMOS logic circuitry and bipolar power drivers, the 
UCN5831B is a 4-bit latched driver capable of providing an interface 
capability beyond the reach of standard logic buffers and power driver 
arrays. Although primarily designed for use with 2-phase unipolar 
stepper motors, this device can also be used to drive relays, low- 
voltage multiplexed LED displays, or incandescent lamps within its 
peak output current rating. 


The CMOS inputs cause minimum loading and are compatible 
with most microprocessor/LS|-based systems. An active-low OUTPUT 
ENABLE can be used to disable all outputs without affecting the logic 
inputs or the state of the latches. Use with TTL may require input pull- 
up resistors to ensure an input logic high. BiMOS latches will typically 
operate at better than a 4.4 MHz rate. 


The bipolar power outputs are open-collector 50 V saturated 
(non-Darlington) drivers. A sustaining voltage rating of 45 V, and 
internal clamp diodes, are provided for use with inductive loads. 

The four outputs can simultaneously sink load currents of almost 

800 mA, continuously and without additional heat sinking, over the 

full operating temperature range. The outputs may be paralleled for 
increased load current capability. A similar device, featuring Darlington 
power driver outputs, is the UCN5830B. 


The UCN5831B is supplied in a 16-pin plastic dual in-line batwing 
package with a copper lead frame that maximizes the device’s power- 
handling capabilities. 


FEATURES 


Low Output Saturation Voltage 

50 V Minimum Output Breakdown 
45 V Minimum Sustaining Voltage 
1.2 A Peak Output Current 

Internal High-Current Clamp Diodes 
Low-Power CMOS Latches 

Output Enable and Strobe Functions 


Always order by complete part number:| UCN5831B |. 
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FUNCTIONAL BLOCK DIAGRAM 
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TRUTH TABLE 


OUTPUT 


IN, STROBE ENABLE OUT, 


0 Prior State 
0 Off 
0 On 
{ Off 


TYPICAL INPUT CIRCUIT 
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ELECTRICAL CHARACTERISTICS at T, = +25°C, T,s < +150°C, V_,, = 5V 


(unless otherwise noted). 


me Test Conditions 


Output Saturation Voltage |, = 300 mA 


Vega) 


|, = 625 mA ; Vv 


1, = 800 mA : ‘ Vv 


Output Sustaining Voltage 


Clamp Diode Forward Voltage 


Logic Input Voltage 


Logic Input Current 


Logic Supply Current 


All Outputs OFF 


One Output ON 
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OUTPUT fe Data present at an input is transferred to 
ENABLE its respective latch when STROBE is low. 
The latches will continue to accept new data 


as long as STROBE is held low. !n applica- 
tions where the latches are bypassed 
(STROBE tied low), the outputs will follow the 
data unless the OUTPUT ENABLE is high 
during data entry. 


When OUTPUT ENABLE is high, all of 
the output buffers are disabled (OFF) without 
affecting the information stored in the latches. 


With OUTPUT ENABLE low, the outputs are 
OUTN ie te — le controlled by the state of the latches. 


Owa. WP-30g 


STROBE 


TIMING CONDITIONS 


Logic Levels are Vop 2nd Ground 


A. Minimum Data Active Time Before Strobe Enabled 


(Data Set-Up Time)... 0.02 ee 50 ns 
B. Minimum Data Active Time After Strobe Enabled 

(Data Hold Time): 26:04 2sS.g tego e be chun hk a blee os 50 ns 
C. Minimum Strobe Pulse Width ........0.0.......0..0... 125 ns 
D. Typical Time Between Strobe Activation and Output Turn-OFF 

Transition (Resistive Load) ...................... 500 ns 
E. Typical Time Between Strobe Activation and Output Turn-ON 

Transition (Resistive Load) .................0.... 100 ns 
F. Minimum Data Pulse Width ...........0...........0.. 225 ns 


TYPICAL APPLICATION 
UNIPOLAR STEPPER-MOTOR DRIVE 


Veo + Vz + Ve 
+5V 


OUTPUT 
VOLTAGE 


Vceysat) — 


our ZENER CLAMP 


SS Pe DIODE CLAMP 


OUTPUT 
CURRENT 


Dwg. WP-001 
IN 2 


STROBE A typical application is shown driving a unipolar stepper- 
OUTPUT ENABLE (Active Low) motor. A Zener diode is used to increase the flyback 
voltage. This gives a much faster inductive load turn-OFF 
current decay. The maximum Zener voltage plus the load 
supply voltage plus the internal diode forward voltage must 
not exceed the device’s rated sustaining voltage. 
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BiMOS I 32-BIT SERIAL-INPUT, 
LATCHED DRIVERS 


Intended primarily to drive thermal printheads, Types UCN5832A 
UCN5832A and UCN5832EP have been optimized for low output-saturation 


voltage, high-speed operation, and pin configurations most convenient 
sueely CLOCK for the tight space requirements of high-resolution printheads. The 
SERIAL SERIAL integrated circuits can also be used to drive multiplexed LED displays 
DATA IN DATA OUT or incandescent lamps at up to 150 mA peak current. A combination of 
GROUND NAGLE bipolar and MOS technologies gives BiMOS II arrays an interface 
STROBE OUT 39 flexibility beyond the reach of standard buffers and power driver 
out, Outs) circuits. 
OUT OUT 39 The devices each have 32 bipolar open-collector saturated drivers, 
a CMOS data latch for each of the drivers, two 16-bit CMOS shift 
OLN OuTeg registers, and CMOS control circuitry. The high-speed CMOS shift 
OUT, OUT og registers and latches allow operation with most microprocessor/LSl- 
vrs OUT»y based systems. Use of these drivers with TTL may require input pull-up 
os a 7 resistors to ensure an input logic high. MOS serial data outputs permit 
Sug a| |e OUT 26 cascading for interface applications requiring additional drive lines. 
oe vis The UCN5832A is supplied in a 40-pin dual in-line plastic package 
OUTs OUT 24 with 0.600" (15.24 mm) row spacing. Under normal operating condi- 
OUTy OUT 93 tions, this device will allow all outputs to sustain 100 mA continuously 
without derating. The UCN5832EP is supplied in a 44-lead plastic 
who ee: leaded chip carrier for minimum area, surface-mount applications. 
OUT) OUTo; 
OUT, OUT oy Similar 32-bit serial-input latched source drivers are available as 
air a UCN5818AF/EPF. High-voltage, high-current 8-bit devices are avail- 
B \ able in Series UCN5820A and UCN5840A/EP/LW. 
OUT 4 OUT g 
ouns outy FEATURES 
* OUTi6 INTERNAL @ 5 MHz Typical Data Input Rate 
CONNECTION 


@ Low-Power CMOS Logic and Latches 
@ 40 V Current Sink Outputs 
B® Low Saturation Voltage 


Dwg. No. A-12,3774 
ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 
Output Voitage, Voyy .- eee 
Logic Supply Voltage, Vay... ... eee: 15V 


Input Voltage Range, 
Vinrecunageias -0.3VtoV,,+0.3V 


Continuous Output Current, 


Ps Asenieuty ek os AA Eines See Graph 


Operating Temperature Range, 
T .. 20°C to +85°C 


Storage Temperature Range, 
Tg seers “55°C to +150°C Always order by complete part number: 


Caution: CMOS devices have input static Part Number , Package 


protection but are susceptible to damage when =. 7 ms 
exposed to extremely high static electrical charges. UCN5832A i 40-Pin DIP 


UCN5832EP |  44-Lead PLCC | 


3-206 


3832 
BiMOS IT 32-BIT SERIAL-INPUT, LATCHED DRIVERS 


2 
o 


FUNCTIONAL BLOCK DIAGRAM 


CLOCK | | I 


: 
| 32-817 

SERIAL SERIAL DATA 

DATA IN OUT 


nN 
a 


nd 
° 


STROBE 


OUTPUT 
ENABLE 


° 


BIPOLAR 


9 
wa 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 
au 


OUT, OUT, OUT, GROUND OUT, OUT, OUT, 


ie) 
25 50 75 100 125 150 
AMBIENT TEMPERATURE IN °C 


Dwg GP-025 


UCNS5832EP 


DATA OUT, 


SERIAL 
DATA IN 
SERIAL 
OUTPUT 
ENABLE 


4) STROBE 
44) CLOCK 


43 


our, OUTs, 


SHIFT REGISTER 
SHIFT REGISTER: 


OUT,, OUTey 


Dwg. No. A-14,360 
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5832 
BiMOS I 32-BIT SERIAL-INPUT, LATCHED DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V,,,, = 5 V (unless otherwise noted). 


Characteristic 


Collector-Emitter Veeisat) 
Saturation Voltage 
Input Voltage Vinca) 
Vinio) 
Input Current linc) 
IN(O) 


Supply Current One output ON, Ioy7 = 100 mA — 5.0 mA 
| 


NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin. 


TYPICAL INPUT CIRCUIT TYPICAL OUTPUT DRIVER 
9 Voo 


= 


‘ 
’ 


Dwg, No. A-12,379A Dwg, No. A-12,380A 
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5832 
BiMOS II 32-BIT SERIAL-INPUT, LATCHED DRIVERS 


DATA IN mee 


STROBE sie cine ete es SS 


OUTPUT 


ENABLE i 
ie ip emer aa (ae 


Dwa. No. A-12 276A 


TIMING CONDITIONS 


(Logic Levels are Vop #nd Ground) 


V5 = 5.0 V 
A. Minimum Data Active Time Before Clock Pulse 
(Data Set-Up Time)... eee eee e eevee 75 ns 
B. Minimum Data Active Time After Clock Pulse 
(Data Hold Time)... cee ee 75 ns 
C, Minimum Data Pulse Width 0.0.0... eee eens 150 ns 
D. Minimum Clock Pulse Width 0.00.00 0c cece ee 150 ns 
E. Minimum Time Between Clock Activation and Strobe............ 300 ns 
F. Minimum Strobe Pulse Width ........0.0.000..00 0.00 cee cece eee 100 ns 
G. Typical Time Between Strobe Activation and 
Output Transition. 0. teens 500 ns 


Serial 
Data 
Input a 7 ood. 


1 2 3 


Serial Data present at the input is trans- 
ferred to the shift register on the logic “0” to 
logic “1” transition of the CLOCK input pulse. 
On succeeding CLOCK pulses, the registers 
shift data information towards the SERIAL 
DATA OUTPUT. The SERIAL DATA must 
appear at the input prior to the rising edge of 
the CLOCK input waveform. 


Information present at any register is 
transferred to its respective latch when the 
STROBE is high (serial-to-parallel conver- 
sion). The latches will continue to accept new 
data as long as the STROBE is held high. 
Applications where the latches are bypassed 
(STROBE tied high) will require that the 
OUTPUT ENABLE input be low during serial 
data entry. 


When the OUTPUT ENABLE input is low, 
all of the output buffers are disabled (OFF) 
without affecting the information stored in the 
latches or shift register. With the OUTPUT 
ENABLE input high, the outputs are controlled 
by the state of the latches. 


Output Contents 
| l en Pe Peeve | | 


N-4 1 2 3 N-1 N 


L = Low Logic Level H = High Logic Level X = Irrelevant P= Present State R = Previous State 
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UCNS5833EP 


our 


POWER GROUND 


SERIAL DATA 


z 
fas 
& 
doz 
a 
G 
a 


2) 
(5) 


Dwg, No. A-13,049 


ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 


Output Voltage, Voype ieee eee ee 30 V 
Logic Supply Voltage, V., 
Input Voltage Range, 
-0.3VtoV,,+0.3V 
Continuous Output Current, 
| each output) 


our | 

Package Power Dissipation, P,, 
(UCN5833A) 
(UCN5833EP) 

Operating Temperature Range, 


Ty teens -20°C to +85°C 
Storage Temperature Range, 
-55°C to +150°C 
* Derate linearly to 0 W at +150°C. 


Caution: CMOS devices have input static protection 
but are susceptible to damage when exposed to 
extremely high static electrical charges. 
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BiMOS IT 32-BIT SERIAL-INPUT, 
LATCHED DRIVERS 


Designed primarily to reduce logic supply current, chip size and 
associated cost, the UCN5833A/EP integrated circuits offer high-speed 
operation for thermal printers. These devices can also be used to drive 
multiplexed LED displays or incandescent lamps within their 125 mA 
peak output current rating. The combination of bipolar and MOS 
technologies gives BIMOS II smart power ICs an interface flexibility 
beyond the reach of standard buffers and power driver circuits. 


These 32-bit drivers have bipolar open-collector Darlington outputs, 
a CMOS data latch for each of the drivers, a 32-bit CMOS shift register, 
and CMOS control circuitry. The high-speed CMOS shift registers and 
latches allow operation with most microprocessor/LSl-based systems at 
data input rates above 3.3 MHz. Use of these drivers with TTL may 
require input pull-up resistors to ensure an input logic high. 


The UCN5833A is supplied in a 40-pin dual in-line plastic package 
with 0.600" (15.24 mm) row spacing. At an ambient temperature of 
+75°C, all outputs of the DIP-packaged device will sustain 50 mA 
continuously. For high-density applications, the UCN5833EP is avail- 
able. This 44-lead plastic chip carrier (quad pack) is intended for 
surface-mounting on solder lands with 0.050" (1.27 mm) centers. 
CMOS serial data outputs permit cascading for applications requiring 
additional drive lines. 


FEATURES 


@ 5 Miz Typical Data Input Rate 

@ 30 V Minimum Output Breakdown 

@ Darlington Current-Sink Outputs 

@ Low-Power CMOS Logic and Latches 


Always order by complete part number: 
[ Part Number | Package. 
UCN5833A | 40-Pin DIP 
UCN5833EP | 44-Lead PLCC 


| 
r 
L 


5833 
BiMOS I 32-BIT SERIAL-INPUT, LATCHED DRIVERS 


UCN5833A 


FUNCTIONAL BLOCK DIAGRAM 


LOGIC 
SUPPLY 


SERIAL : 
DATA IN Sena 
POWER OuTP LY 
GROUND sete 
ote RIAL SERIAL DATA 
STROBE ae Baer our 
Our, out 
STROBE 
x OUT LOGIC 
: © > PO srouno 
ai P OUTPUT 
OTs OUT ENABLE 


BIPOLAR 


OUT, OUT. 
OUTS Fa x OUT, 
a to 
a 5 OLT, OUT, OUT, LOWER OUT, OUT,, OUT, 
our & g our 
“ : Dwg. No. A:13,057 
OUT: Out 
our. Out 
OUT ig ct 
ja TYPICAL INPUT CIRCUIT 
1 OUT, 
OUT: 2 Ju7. > Voo 
+ 
Our. Bae 
oo) 
OUT: os i on 
jee 
QUT Ou H 
IN DAV gp aia 
our; Bee 


Dwg. No. A-13,048 


SUB 
Dwg. No. A-13,050 


TYPICAL OUTPUT DRIVER 


a + -QOUT 
oN -| 3) 
Sol 
. a 
ee Ne + 
a 


Dwg. No. A-13.051 
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3833 
BiMOS II 32-BIT SERIAL-INPUT, LATCHED DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vop = 5 V (unless otherwise noted). 


ou 
Collector-Emitter | 


OUT 
Saturation Voltage 


One output ON, Io. = 100 mA 

All outputs OFF 

lor = 100 mA, 10% to 90% 
Output Fall Time loyr = 100 MA, 90% to 10% 


NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin. 


TRUTH TABLE 


Serial Shift Register Contents i Latch Contents Output Contents 
Clock 
Input on 2 


Data 
oe Wo ow Wy ly 


L = Low Logic Level H = High Logic Level X = Irrelevant P= Present State R = Previous State 
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5833 
BiMOS II 32-BIT SERIAL-INPUT, LATCHED DRIVERS 


DATA IN Meee silt eee ee es ed eee nee 
| be PE ee Fy 
poo 
gTRORE ee I oe ae 5 ees 
OUTPUT 


ENABLE : 


Dwg. No. A-12,276A 


TIMING CONDITIONS 
(Vp = 5-0 V, Logic Levels are Vpp and Ground) 


A. Minimum Data Active Time Before Clock Pulse 


(Data Set-Up Time} eee ee eee 75 ns 
B. Minimum Data Active Time After Clock Pulse 

(Data Hold Time)... eee tenes 75 ns 
C. Minimum Data Pulse Width. 2.0... eee 150 ns 
D. Minimum Clock Pulse Width... 00.00.00. 150 ns 
E. Minimum Time Between Clock Activation and Strobe............ 300 ns 
F. Minimum Strobe Pulse Width ......0.. 0000000 ccc ee eee 100 ns 
G. Typical Time Between Strobe Activation and 

Output Transition. 0 ee teas 500 ns 


Serial Data present at the input is transferred to the shift register on 
the logic “0” to logic “1” transition of the CLOCK input pulse. On suc- 
ceeding CLOCK pulses, the registers shift data information towards the 
SERIAL DATA OUTPUT. The SERIAL DATA must appear at the input 
prior to the rising edge of the CLOCK input waveform. 


Information present at any register is transferred to its respective 
latch when the STROBE is high (serial-to-parallel conversion). The 
latches will continue to accept new data as long as the STROBE is held 
high. Applications where the latches are bypassed (STROBE tied high) 
will require that the OUTPUT ENABLE input be low during serial data 
entry. 


When the OUTPUT ENABLE input is low, all of the output buffers 
are disabled (OFF) without affecting the information stored in the latches 
or shift register. With the OUTPUT ENABLE input high, the outputs are 
controlled by the state of the latches. 
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SERIES 5840 


UCNSS84 1A - UCN5843A 


—¥¥ 


SERIAL DATA IN [3] 


LOGIC GROUND 


r’ 
LATCHES 


LOGIC SUPPLY [§] Yoo 


ree 2 


SERIAL DATA OUT [6} 


SHIFT REGISTER 


¢ 


Dwg. No. A-12,659 


ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 
Output Voltage, V.¢ 
(UCN5841 A/EP/LW) 
(UCN5842A/EP/LW) 
(UCN5843A/EP/LW) 


Output Voltage, Vee, 
(UCN5841 A/EP/LW) 
(UCN5842A/EP/LW) 
(UCN5843A/EP/LW) 

Logic Supply Voltage Range, 


sus} 


Vop with Reference to V_- 
Emitter Supply Voltage, V,- 
Input Voltage Range, 


Package Power Dissipation, 
Pits daenel ep at odin Oa lee 8 See Graph 


Operating Temperature Range, 


Teale banat aan hate -20°C to +85°C 


Storage Temperature Range, 

| -55°C to +150°C 
+For inductive load applications. 
Note that the Series UCN5840A (dual in-line 
package) and Series UCN5840LW (small-outline 
IC package) are electrically identical and share a 
common pin number assignment. 
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BiMOS II 8-BIT SERIAL-INPUT, 
LATCHED DRIVERS 


Integrating low-power CMOS logic and bipolar output power drivers 
permit Series UCN5840A/EP/LW integrated circuits to be used ina 
wide variety of peripheral power driver applications. The three basic 
devices in this series each have an eight-bit CMOS shift register and 
CMOS control circuitry, eight CMOS data latches, and eight bipolar 
current-sink Darlington output drivers. The 500 mA outputs, with 
integral transient-suppression diodes, are suitable for use with relays, 
solenoids, and other inductive loads. Except for the maximum driver 
output voltage ratings, the UCN5841A/EP/LW, UCNS842A/EP/LW, 
and UCN5843A/EP/LW are identical. The UCN5843A/EP/LW offers 
premium performance with a minimum output-breakdown voltage rating 
of 100 V (50 V sustaining). All drivers can be operated with a split 
supply where the negative supply is up to -20 V. 


BiMOS Ii devices have higher data-input rates than the original 
BiMOS circuits. With a 5 V logic supply, they will typically operate at 
better than 5 MHz. With a 12 V supply, significantly higher speeds are 
obtained. The CMOS inputs are compatible with standard CMOS, 
PMOS, and NMOS logic levels. TTL or DTL circuits may require the 
use of appropriate pull-up resistors. By using the serial data output, 
drivers can be cascaded for interface applications requiring additional 
drive lines. 


Suffix ‘A’ devices are furnished in a standard 18-pin plastic DIP; 
suffix ‘EP’ indicates a 20-lead PLCC; suffix ‘LW’ indicates an 18-lead 
wide-body SOIC. 


FEATURES 


3.3 MHz Minimum Data-Input Rate 

CMOS, PMOS, NMOS, TTL Compatible Inputs 
Internal Pull-Up/Pull-Down Resistors 
Low-Power CMOS Logic and Latches, 
High-Voltage Current-Sink Outputs 

Output Transient-Protection Diodes 

Single or Split Supply Operation 

DIP, PLCC, or SOIC Packaging 


Always order by complete part number, e.g.,/ UCN5842LW |. 


SERIES 5840 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVERS 


nD 
wo 


FUNCTIONAL BLOCK DIAGRAM 
(‘A? & “LW” Package Shown) 


Nn 
2 


clock (2) am oe pd ’ 


SERIAL a z SERIAL 
DATA IN 8 pit. SERIAL-PARALLEL SHIFT REGISTER | 


sie DATA OUT 
! i Yoo 
LOGIC [een | 
GROUND 1 LATCHES. STROBE. 
i 


a 


° 


OUTPUT ENABLE 
Tr (ACTIVE LOW) 


BIPOLAR 


° 
a 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


25 50 75 100 125 150 
AMBIENT TEMPERATURE IN °C ® ite } 
OUT, OUT; OUT, OUTs OUTg OUT? OUT, Vee 
Dwg. GP-o24 
Dwg. No. A-12,661A 
Caution: CMOS devices have input static protection but are susceptible to damage when 
exposed to extremely high static electrical charges. 
UCN5S841LW — UCN5843LW UCNS841EP —- UCN5843EP 
POWER 
GROUND 
CLOCK 
SERIAL 
OATA IN 
w 
GROUND mis 
Es 
alo NC 
LOGIC 4] oo 
SUPPLY | m LOGIC 
SERIAL BROUND 1g 
DATA OUT LOGIC lx 
SUPPLY ed is 
STROBE ol < 
SERIAL wila 
OUTPUT ae DATA OUT 
ENABLE 
POWER NC 
GROUND 


Dwg. No. A-14.438 Ww ew Wiw2z ® 
ag 227 WOOF 
g f27 gF8 
Note that the Series UCN5840A (dual in-line package) E Dz oF 
and Series UCN5840LW (small-outline IC package) are 4 OW ag 
electrically tdentical and share a common pin number = 
assignment. a Dwg. No. A-14,362 
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SERIES 5840 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V,, =5 V, Vi, = OV 
(unless otherwise specified). 


Characteristic Symbol Devices* Test Conditions 


Output Leakage Current UCN5841 


< 
> 


.< 
> 


UCN5842 


UCN5843 


yr= 100 V, T, = +70°C 


Collector-Emitter 
Saturation Voltage 


yr = 200 mA 


ur = 350 MA, Vo, =7.0V 


Collector-Emitter V UCN5841 loyy = 350 mA, L = 2 mH 
Sustaining Voltage 


UCN5842 out = 350 mA, L = 2mH 


UCN5843 out = 350 MA, L = 2 mH 


Input Voltage 


Input Resistance 


xy 
i 
w 


Supply Current All Drivers ON, V,, = 12 V 


3 
> 


All Drivers ON, Vop =10V 


3 
> 


=| 
> 


All Drivers ON, Vp, = 5.0 V 


All Drivers OFF, V,, = 12 V 


3 
S 


All Drivers OFF, Vop =10V 


3 
> 


All Drivers OFF, Vpp = 5.0 V 


3 
> 


Clamp Diode UCN5841 
Leakage Current 


rc 
> 


UCN5842 


= 
> 


UCN5843 


= 
> 


Clamp Diode 
Forward Voltage 


i 


* Complete part number inciudes a suffix to identify package style: A = DIP, EP = PLCC. LW = SOIC. 
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SERIES 5840 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVERS 


TYPICAL INPUT CIRCUITS 


STROBE 
OUTPUT O 
ENABLE 


Dwg. No. EP-010-3 


DD 


CLOCK 
SERIAL 
DATA IN 


Dwg. No. EP-010-4 


TYPICAL OUTPUT DRIVER 


Dwg. No. A-12,660 


DATA IN 


OUTPUT | 
ENABLE 
Peal 
ee a ee ae 


Dwg. No. A-12,627 


TIMING CONDITIONS 
(T, = +25°C, Logic Levels are V,,,, and Ground) 


Vop =5.0V 
A. Minimum Data Active Time Before Clock Pulse 
(Data:'Set-Up Time):c. peice eek ews Ree eae co el MELE 75 ns 
B. Minimum Data Active Time After Clock Pulse 
(DatasHold- Time inn wie eta a ace eets coke, Peng HO le wdigataee oe eho a 75 ns 
C. Minimum Data Pulse Width... 20.0... ee 150 ns 
D. Minimum Clock Pulse Width... 0002000000000. ee 150 ns 
E. Minimum Time Between Clock Activation and Strobe............ 300 ns 
F. Minimum Strobe Pulse Width 20.0... 100 ns 
G. Typical Time Between Strobe Activation and 
Output Transition icc see rs has idl ob deg go waa de 500 ns 


Serial Data present at the input is transferred to the shift register on 
the logic “0” to logic “1” transition of the CLOCK input pulse. On suc- 
ceeding CLOCK pulses, the registers shift data information towards the 
SERIAL DATA OUTPUT. The SERIAL DATA must appear at the input 
prior to the rising edge of the CLOCK input waveform. 


Information present at any register is transferred to its respective 
latch when the STROBE is high (serial-to-parallel conversion). The 
latches will continue to accept new data as long as the STROBE is held 
high. Applications where the latches are bypassed (STROBE tied high) 
will require that the ENABLE input be high during serial data entry. 


When the ENABLE input is high, all of the output buffers are dis- 
abled (OFF) without affecting the information stored in the latches or 
shift register. With the ENABLE input low, the outputs are controlled by 
the state of the latches. 
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SERIES 5840 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVERS 


TYPICAL APPLICATION 
RELAY/SOLENOID DRIVER 
Using Split Supply 


+5V -15V 
O 
UCN5843A 


DATA OUT 


OUTPUT © 
ENABLE 


(ACTIVE LOW) 


Dwg. No. A-12.547 


TRUTH TABLE 


Latch Contents Output Contents 
Blanking 


L = Low Logic Level H = High LogicLevel X = Irrelevant P= Present State R = Previous State 
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3890 wo 


o891 


BiMOS II 8-BIT SERIAL-INPUT, 
LATCHED SOURCE DRIVERS 


Primarily designed for use with thermal or electromagnetic printers, 
the UCN5890A and UCN5891A BiMOS II serial-input, latched drivers 
SERIAL combine an 8-bit CMOS shift register, associated latches, and control 
DATA OUT circuitry (strobe and output enable) with Darlington sourcing outputs. 
LOGIC SUPPLY They may also be used with relays or multiplexed LED displays within 
their output current limitation of -500 mA per driver. 


QUTPUT 
ENABLE Except for output voltage ratings, the devices are identical. 
LOAD SUPPLY The UCN5890A is rated for operation with load supply voltages of 
OUT 20 V to 80 V and a minimum output sustaining voltage of 50 V. The 
UCN5891A is optimized for operation with supply voltages of 5 V to 
OuT 7 50 V (35 V sustaining). 


SERIAL 
DATA IN 


STROBE 


OUT, 


OUT 6 BiMOS |! devices have higher data-input rates than the original 
BiMOS circuits. With a 5 V logic supply, they will typically operate at 
better than 5 MHz. With a 12 V supply, significantly higher speeds are 
obtained. The CMOS inputs are compatible with standard CMOS, 
PMOS, and NMOS logic levels. TTL or DTL circuits may require the 
use of appropriate pull-up resistors to ensure a proper input-logic high. 
A CMOS serial data output, allows cascading these devices in multiple 
drive-line applications required by many dot matrix, alphanumeric, and 
bar graph displays. 


OUTS5 


Dwg. No. 12.639 


All devices are supplied in a standard dual in-line plastic package 
with copper lead frame for enhanced package power dissipation 
characteristics. A similar driver, featuring reduced output saturation 


ABSOLUTE MAXIMUM RATINGS voltage, is the UCN5895A. Complementary, 8-bit serial-input, latched 
at T, = +25°C sink drivers are the Series UCN5820A. 
Output Voltage, Vou; FEATURES 
(UCN5890A) 0... eee 80V 
(UCN5891A).. 00.0. 50V @ 50 V or 80 V Source Outputs 
Logic Supply Voltage Range, B® Output Current to -500 mA 
Mister Tee aie ips aces 4.5Vto15V ® Output Transient-Suppression Diodes 
Driver Supply Voltage Range, Va, @ 3.3 MHz Minimum Data-Input Rate 
(UCN5890A) ............ 20 V to 80 V @ Low-Power CMOS Logic and Latches 
(UCN5891A).....0.0000. 5.0 V to 50 V 
Input Voltage Range, 
Me teed ca hes -0.3VtoV,,+0.3V 


Allowable Package Power Dissipation, 
Pea id & Ga ta RRR OF See Graph 
Operating Temperature Range, 
T -20°C to +85°C 
Storage Temperature Range, 


-55°C to +150°C 
Always order by complete part number: 


' Part Number] Max. V,., 
/ UCN5890A | 80V 


| UCN5891A ~50V 


L 


Caution: CMOS devices have input static protection, 
but are susceptible to damage when exposed to 
extremely high static electrical charges. 
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5890 anD 5891 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


np 
on 


n 
° 


0.5 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


nee 
ur 


50 75 100 125 150 
AMBIENT TEMPERATURE IN °C 


Dwg. GP-016 


TYPICAL INPUT CIRCUIT 


Yoo 


Dwg. No. A-12,520 


TYPICAL OUTPUT DRIVER 


VBB 


at 


OUT 


Dwg. No. A-12,648 


FUNCTIONAL BLOCK DIAGRAM 


ioe! 


aE: [> 


SERIAL 
DATA IN 


nae Oe 


8- BIT SERIAL - a “ REGISTER 


l 


oa 


> O SERIAL 
DATA OUT 


| za a 


© Yop 


OUTPUT 


STROBE | 
GROUND 


BIPOLAR 


i 


OUT, OUT) OUT; OUTg OUT, OUT, OUT? OUT, 


Number of 
Outputs ON at 


lor = "200 MA 


«| ry ENABLE 


O Vee 


Dwg. No, A-12,654 


Max. Allowable Duty Cycle 
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5890 AND 5891 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V,,,, = 80 V (UCN5890A) or 50 V 
(UCN5891A), Vop = 5 V to 12 V (unless otherwise noted). 


Limits 
Characteristic Test Conditions 


Ves 
Output Leakage Current leex Max. T, = +25°C 
Ty, = +70°C 
Output Saturation Voltage Veeisaty 50 V 
AION 
loyy = 7-350 mA 


logy = 350 MA, L = 2 mH, UCN5891A 35 _ 
lay = 7350 MA. L = 2 MH, UCN5890A 50 oa 
Input Voltage Vop = 9.0 V 3.5 5.3 


Input Current 


Input Impedance 


= 20 


Turn-OFF Delay 
Supply Current 


All outputs OFF 
Vop = 9 V, All outputs OFF, Inputs = 0 V uA 
HA 


Vo =5V. One output ON, All Inputs=OV | — 1.0 | mA 


jets 1.0 
aS 3.0 


Vop = 12 V, All outputs OFF, Inputs = 0 V — 200 


> 


Diode Leakage Current 


< 


e713 
> 


NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin. 
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5890 anp 5891 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


A bp ——4 
B f- 
DATA Ne Ue ee SS 
E —+-— F 
ie = 

STROBE Se Lee See eee bee 
OUTPUT 

ENABLE ai 

b+ G oar 
OUT, | | 


9™moO 


Serial 
Data 


N 
Dwg. No. A-*2.649 


TIMING CONDITIONS 
(Voy = 5.0 V, Logic Levels are V,,, and Ground) 


Minimum Data Active Time Before Clock Pulse 

(Data Set-Up TIM@) oc ke ede eee ene eke Ra PR Ee 75 ns 
Minimum Data Active Time After Clock Pulse 

(Data ‘Hold’ Time)) 2.39 2 penderig ea ot bee Oo oe We ee 75 ns 


Minimum Data Pulse Width... 0.000 eee 150 ns 
Minimum Clock Pulse Width... 0.0.0.0 ee 150 ns 
Minimum Time Between Clock Activation and Strobe............ 300 ns 
Minimum Strobe Pulse Width ......0 20000000602 ee eee 100 ns 

. Typical Time Between Strobe Activation and 
Output Transitions: ci tec oe ews Sees He Reedy 1.0 us 


TRUTH TABLE 


Serial 
Data 
Output 


L. = Low Logic Level H = High Logic Level X = Irrelevant P = Present State 


Serial Data present at the input is trans- 
ferred to the shift register on the logic “0” to 
logic “1” transition of the CLOCK input pulse. 
On succeeding CLOCK pulses, the registers 
shift data information towards the SERIAL 
DATA OUTPUT. The SERIAL DATA must 
appear at the input prior to the rising edge of 
the CLOCK input waveform. 


information present at any register is 
transferred to the respective latch when the 
STROBE is high (serial-to-parallel conver- 
sion). The latches will continue to accept new 
data as long as the STROBE is held high. 
Applications where the latches are bypassed 
(STROBE tied high) will require that the 
OUTPUT ENABLE input be high during serial 
data entry. 


When the OUTPUT ENABLE input is 
high, all of the output buffers are disabled 
(OFF) without affecting the information stored 
in the latches or shift register. With the 
OUTPUT ENABLE input low, the outputs are 
controlled by the state of their respective 
latches. 


Output Contents 


R = Previous State 


3-222 


5890 ann 5891 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


TYPICAL APPLICATIONS 
SOLENOID OR RELAY DRIVER 


DATA OUT 


> SHIFT | 
ie REGISTER on 
nt "| 


CLOCK O 


DATA IN O O OUTPUT ENABLE 


(ACTIVE LOW) 
STROBE O 


Dwg. No. A- 12,548 


MULTIPLEXED INCANDESCENT LAMP DRIVER 
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OAD es ele lw ro) 
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DATA IN O aa ape y : 
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ye 
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REGISTER 
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TO OTHER SEGMENTS TO OTHER DIGITS 


Dwg. EP-024 
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UCNS895A 


SERIAL 
DATA OUT 


OUTPUT 
ENABLE 


OUT g 


OUT 7 


OUT s 


OUTS 


Dwg. No. A-12,639 


ABSOLUTE MAXIMUM RATINGS 
at T, = 425°C 


Output Voltage, Vour 
(UCN5895A/EP) 
(UCN5895A-2) 

Logic Supply Voltage Range, 


Valip secular tem inia lias 45Vto12V 


Driver Supply Voltage Range, V,, 
(UCN5895A/EP) 5.0 V to 50 V 
(UCN5895A-2) 5.0 V to 25 V 

Input Voltage Range, 


Wicks Aetccta raed -0.3 Vto Vp, +0.3V 


Continuous Output Current, 


Allowable Package Power Dissipation, 


Poids Hue dnsdiatiewteenacie d See Graph 


Operating Temperature Range, 
-20°C to +85°C 


Storage Temperature Range, 
-55°C to +150°C 


Caution: CMOS devices have input static protec- 
tion. but are susceptible to damage when exposed 
to extremely high static electrical charges 


LOGIC SUPPLY 


LOAD SUPPLY 


BiMOS II 8-BIT SERIAL-INPUT, 
LATCHED SOURCE DRIVERS 


UCN5895A and UCN5895EP BiMOS I! serial-input, latched source 
drivers are designed for use in applications requiring low output- 
saturation voltages and currents to -250 mA per driver. Each driver 
combines an 8-bit CMOS register, associated latches and control 
circuitry (strobe and output enable), with saturated bipolar emitter- 
follower outputs. Typical loads are low-voltage LEDs and incandescent 
displays. They can also be used with multiplexed LEO displays, thermal 
printers, or electromagnetic printers within their output limitations. 


The UCN5895A and UCN5895EP are rated for operation with 
supply voltages to 50 V and feature a minimum output sustaining 
voltage of 35 V. The more economical UCN5895A-2 is for use with 
supply voltages to 25 V (15 V sustaining). Under normal operating 
conditions, at +25°C, all outputs will source -120 mA continuously 
without derating. Similar drivers, featuring Darlington outputs for 
increased output ratings, are the UCN5890A and UCN5891A. 


BiMOS II devices can operate at greatly improved data-input rates. 
With a 5 V supply, they will typically operate at better than 5 MHz. At 
12 V, significantly higher speeds are obtained. 


The CMOS inputs provide for minimum loading and are compatible 
with standard CMOS, PMOS, and NMOS circuits. TTL or DTL circuits 
may require the use of appropriate pull-up resistors to ensure a proper 
input-logic high. A CMOS serial data output allows cascading these 
devices in multiple drive-line applications required by many dot matrix, 
alphanumeric, and bar graph displays. 


These devices are rated for continuous operation over the tempera- 
ture range of -20°C to +85°C. Because of limitations on package power 
dissipation, the simultaneous operation of all output drivers may require 
a reduction in duty cycle. The UCN5895A and UCN5895A-2 are 
supplied in standard 16-pin dual in-line plastic packages with copper 
lead frames for increased allowable package power dissipation. The 
UCN5895EP is supplied in a 20-lead plastic leaded chip carrier for 
minimum area, surface-mount applications. 


FEATURES 


@ Low Output-Saturation Voltage 

@ Source Outputs to 50 V 

@ Output Current to -250 mA 

@ 3.3 MHz Minimum Data-Input Rate 
@ Low-Power CMOS Logic & Latches 


Always order by complete part number, e.g. UCN5895A-2 |. 
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3895 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


nm 
a 


FUNCTIONAL BLOCK DIAGRAM 
(‘A’ Package Pin Numbers Shown) 


MES 5 a a 

SERIAL Rs i oT Tre SERIAL 

HATACNy To ee *T REGISTER BATACOOT 

STROBE | | warcues | | | ® Yoo 
1 

GROUND | | OUTPUT 
a ENABLE 

MOS 
BIPOLAR 


\7 ® ‘se 


~ 
o 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


25 50 75 100 125 150 5 ® ® 
AMBIENT TEMPERATURE IN °C OUT, OUT, OUT; OUT, OUTs OUTg OUT7 OUT, 
Owg. GP-026 
Dwg. No. A-12,654 
TYPICAL INPUT CIRCUIT UCN5895EP 
Vv lan 
oo wz 248 > 
< x“ 5 <, 07 
=a 0 set =O 
Zo OC fF ot 
wae a wt OD 
MQ O Oo NO uM 
IN ’ x 
3 
OUTPUT 
Ne ENABLE 
STROBE NC 
LOAD ‘ LOAD 
SUPPLY REGISTER SUPPLY 
Dwg. No. A-12 520, OUTs outs 
NC OUT 7 


TYPICAL OUTPUT DRIVER 


Hk 
VeB 2 
2, Dwg. No. A-14,368 
OUT 


Dwg. No. A-12,655 


ouUT2 [9}<] 
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3895 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


ELECTRICAL CHARACTERISTICS at ay = +25°C, Ves = 50 V (UCN5895A/EP) or 25 V 
(UCN5895A-2), Vop = 3 Vto 12 V (unless otherwise noted). 


Characteristic Symbol Test Conditions 
Output Leakage Current 


Output Saturation Voltage V 


CE(SAT) 


Output Sustaining Voltage Igy = 7120 mA, L = 2 mH, UCN5895A/EP only 
= -120 mA, L = 2 mH, UCN5895A-2 only 


lour 
Input Voltage Vip = 5.0 V 


Vo9 = 12V 
Vpp = 5 V to 12 V 


Input Current 


Input Impedance 


Clock Frequency 


Serial Data-Output 
Resistance 


Turn-ON Delay Output Enable to Output, IL, = -120 mA 
Turn-OFF Delay tone Output Enable to Output, IL. = -120 mA _ 


Supply Current All outputs ON, Ail outputs open 
All outputs OFF 


Von =5V, All outputs OFF, Inputs = 0 V 


Vop = 12 V, All outputs OFF, Inputs = 0 V 
Vop = 5 V, One output ON, All inputs = 0 V 
Voip = 12 V, One output ON, All inputs = 0 V 
Diode Leakage Current Va =25V,T, = 425°C 
Vp = 25 V,T, = +70°C 


‘= 


Diode Forward Voltage 


NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin. 
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5895 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


CLOCK m——— $a SE 
i A D — 
Be 
DATA IN E E Sooo Se 
Cc 

STROBE ———————— HW - - ~~ - + - 
OUTPUT 

ENABLE 

w— G = 
OUT 


N 


Dwg. No. A-12,649A, 


TIMING CONDITIONS 


(Vp = 5.0 V, Logic Levels are V,,, and Ground) 


A. Minimum Data Active Time Before Clock Pulse 


(Data Set-Up Time)... ieee teens 75 ns 
B. Minimum Data Active Time After Clock Pulse 

(Data:Hold Time) va. csacvdeua tar eietaay eves ca ea alee eke 75 ns 
C. Minimum Data Pulse Width 0.0... eee 150 ns 
D. Minimum Clock Pulse Width... 0... eee 150 ns 
E. Minimum Time Between Clock Activation and Strobe ............ 300 ns 
F. Minimum Strobe Pulse Width... 00.0.0 00. ee 100 ns 
G. Typical Time Between Strobe Activation and 

OUP UE TANS HOA. ids sored a Guanae ee Wehasattat ht bok fete Male poe odd 2 1.0 us 


Serial Data present at the input is transferred to the shift register on 
the logic “O” to logic “1” transition of the CLOCK input pulse. On suc- 
ceeding CLOCK pulses, the registers shift data information towards the 
SERIAL DATA OUTPUT. The SERIAL DATA must appear at the input 
prior to the rising edge of the CLOCK input waveform. 


Information present at any register is transferred to the respective 
latch when the STROBE is high (serial-to-parallel conversion). The 
latches will continue to accept new data as long as the STROBE is held 
high. Applications where the latches are bypassed (STROBE tied high) 
will require that the OUTPUT ENABLE input be high during serial data 
entry. 


When the OUTPUT ENABLE input is high, ail of the output buffers 
are disabled (OFF) without affecting the information stored in the 
latches or shift register. With the OUTPUT ENABLE input low, the 
outputs are controlled by the state of their respective latches. 
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3895 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS 


TYPICAL APPLICATION 
+12V 
ie 
eon 
Ln = 
[varches| 


UCN5895A 


DATA OUT 
FOR >8 SEGMENTS 
PER DIGIT 


© OUTPUT ENABLE 
(ACTIVE LOW) 


RD OS we ey 
UCN5821A TO OTHER SEGMENTS 
CLOCK O 
DATA INO 
[ex | 
b= TO 
+12V0 oO OTHER 
fw DIGITS 
DATA OUT t 
= 
STROBE O iad 
OUTPUT 
ENABLE 
Dwg. No, B-1541 


TRUTH TABLE 


Shift Register Contents i Latch Contents Output Contents 
Output 


L = Low Logic Level H=High LogicLevei X= Irrelevant P= Present State R = Previous State 
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6116 ann 


6118 


UDN6116A/R 


Dwg. No. A-9643A 


ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Supply Voltage, V., 

(suffix A, LW, or R) 

(suffix A-1) 

(suffix A-2 or R-2) 
Input Voitage, V,, 
Output Current, lout Bc ae acaba aden te -40mA 
Allowable Package Power Dissipation, 

See Graph 


Operating Temperature Range, 
-20°C to +85°C 


-55°C to +150°C 


Caution; The high input impedance of these devices 
makes them susceptible to static discharge damage 
associated with handling and testing. Techniques 
similar to those used for handling MOS devices 
should be employed. 


FLUORESCENT DISPLAY DRIVERS 


Consisting of six or eight NPN Darlington output stages and the 
associated common-emitter input stages, these drivers are designed 
to interface between low-level digital logic and vacuum fluorescent 
displays. All devices are capable of driving the digits and/or segments 
of these displays and are designed to permit all outputs to be activated 
simultaneously. Pull-down resistors are incorporated into each output 
and no external components are required for most fluorescent display 
applications. The highest voltage parts (suffix A-1) are also used in 
gas-discharge display applications as anode (digit) drivers. 


Eleven standard devices are listed, so that a circuit designer may 
select the optimum device for his application. Input characteristics, 
number of drivers. package style, and output voltage are tabulated for 
each device in the Device Type Number Designation chart. With any 
device, the output load is activated when the input is pulled towards the 
positive supply (active ‘high’). Ail units operate over the temperature 
range of -20°C to +85°C. 


FEATURES 


M@ Digit or Segment Drivers 

@ Low Input Current 

H@ Integral Output Pull-Down Resistors 
@ High Output Breakdown Voltage 

H@ Single or Split Supply Operation 


Always order by complete part number, e.g., [UDN6118R-2 | . 
See matrix on third page. Note that all devices are not available in alt 
package types. 


aN a Sse el 
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6116 AND 6118 
FLUORESCENT DISPLAY DRIVERS 


UDN6116A/R* UDN6118A/R* UDNG61L18LW 


~~ 
vr 
SPs 


=| 
r 
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r 
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it 
ry 
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ii 
o 
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f=} 
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Dwg. No. A-9643A Dwg. No. A-9641A Dwg. No. A-14,370 


* Always specify complete part number, such as: 
18: & 20-PIN DIP, Rg i, = 55°C 

~ 16-PIN DIP, Roy, = 60°C/W 
18-PIN CERDIP, Rig jp = 65°CW 


UD N 6116 A-2 


INSTRUCTIONS: SELECTED VERSION. SEE 
TYPE NUMBER DESIGNATION, NEXT PAGE 


PACKAGE: A= PLASTIC DIP 
LW = PLASTIC SOIC 
R = CERAMIC DIP 


DEVICE TYPE. 


OPERATING TEMPERATURE RANGE. 
N = -20°C to +85°C 


FAMILY. UD = DIGITAL DRIVERS 


16-PIN GERDIP, Fig, = 75° 
18-LEAD SOIC, Rg yq=' 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


0) 
25 50 75 100 125 150 
AMBIENT TEMPERATURE IN °C 


Dwg. GP-022 
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6116 AND 6118 
FLUORESCENT DISPLAY DRIVERS 


DEVICE TYPE NUMBER DESIGNATION 


No. of Type Number 
Input Compatibility Drivers Plastic DIP Ceramic DIP Plastic SOIC 


UDN6116A-2 UDN6116R-2 
5 V TTL, CMOS 


UDN6116A UDN6116R 
UDN6116A-1 
UDN6118A-2 
UDN6118A 
UDN6118A-1 


UDN6118R-2 
UDN6118R 


UDN6118LW 


PARTIAL SCHEMATIC 
ONE DRIVER (ALL TYPES) 


Dwg. No. A-10.592C 


10 kQ 30 kQ2 
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6116 AND 6118 
FLUORESCENT DISPLAY DRIVERS 


ELECTRICAL CHARACTERISTICS (over operating temperature range). 
Note: All Values Specified At — 


Applicable Devices Limits 
Symbol | Basic Part.No.[ Suffix | Test Conditions Min. Typ. Max. | Units | 


wt 345 WA 
a 0 Vv 


650 1100 
Input Open, Vou, = 600 : 900 1500 
350500 
Output ON Voltage Vour All 77 78 
107-108 
57 58 
Input ON ‘Surrent ‘ny = 120 
— 375 
Supply Current Se A, All AllInputs Open | =O 
UDN6116 AorR All Inputs = 2.4 V = 5.0 
A-1 Two Inputs = 24V = 25 4.5 mA 
“A2 or R-2 All Inputs =24V eS 40 6.0 mA 
UDN6118 7 A, LW, or R A Inputs = 2.4V i — 6.0 9.0 mA 
Twolnputs=24V | — 25 45 | mA 
A ‘Inputs =24V hes 56. “8.0 
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6116 AND 6118 
FLUORESCENT DISPLAY DRIVERS 


RECOMMENDED OPERATING CONDITIONS 


epee Devens — 
Characteristic =e Test Conditions Typ. Max. 


Supply Voltage UDN6116/18 a LW, or R 
A-1 
a] 2 or R-2 


NOTE: Positive (negative) current is defined as going into (coming out a the specified device pin. 


TYPICAL MULTIPLEXED FLUORESCENT DISPLAY 
VeB 
SEGMENT SELECT F 
UDN6118 


DIGIT SELECT 
UDN6IT8 


VEIL 


Dwg, No. A-10,261B 
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7003 


HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON ARRAY 


Containing seven high-voitage, high-current Darlington power 
drivers, the ULN7003A is designed for interfacing between TTL or MOS 
logic and a variety of peripheral loads such as relays, stepper motors, 
print heads, and lamps. The four open-collector Darlington outputs 
feature 150 V minimum breakdowns (90 V sustaining) and integral 
power diodes for switching inductive loads. 


The ULN7003A includes input current-limiting resistors for opera- 
tion from TTL or CMOS operating at a nominal supply voltage of 5 V. 


The high sustaining voltage rating of this device makes it ideal for 
inductive load applications where Zener diode flyback techniques are 
used. The increased flyback voltage provides a much faster inductive 
load turn-OFF current decay which is especially useful with stepper 
motors and printheads. 


The ULN7003A is pinned with outputs opposite inputs to facilitate 
ease of circuit board layout. It is supplied in a 16-pin plastic dual in-line 
package with a copper lead frame to maximize their device power 
dissipation capabilities. 


FEATURES 


@ 150 V Minimum Output Breakdown 
@ 90 V Minimum Sustaining Voltage 
M300 mA Output Current 

@ Internal High-Current Clamp Diodes 
M@ Logic-Compatible Inputs 


Dwg. No. A-9594 


ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Output Voltage, Vo-y 
Output Sustaining Voltage, 


Voeus) 
Output Current, |, 


Input Current, ly 
Package Power Dissipation, 


See Graph 
Operating Temperature Range, 
-20°C to +85°C 
Storage Temperature Range, 
-55°C to +150°C 


Output current may be limited by duty cycle, 
number of drivers operating, ambient temperature, 
and heat sinking. Under any set of conditions, do 
not exceed the specified maximum current rating 
or a junction temperature of 150°C. 


Always order by complete part number: ULN7003A |. 
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7003 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAY 


ny 
a 


i. 
o 


aw 


2 


o 
a 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


19) 
25 50 75 100 125 150 
AMBIENT TEMPERATURE IN °C 


Dwg. GP 016 


A Zener diode can be used to increase the flyback 
voltage. This gives a much faster inductive load turn-OFF 
current decay. The maximum Zener voltage plus the load 
supply voltage plus the internal diode forward voltage 
must not exceed the device's rated sustaining voltage 


Vee +¥z + Ve 


~~~ Veo + Ve 


OUTPUT 
VOLTAGE 


Soon Anes CLAMP 
\ 7 DIODE CLAMP 


Tcex 


OUTPUT 
CURRENT 


Dwg. WP-091 


PARTIAL SCHEMATIC 
(ONE OF SEVEN DRIVERS) 


Dwg. No. A-9651 


SWITCHING DELAY TEST CIRCUIT 


tog 
TURN ON TURN OFF 


Dwg. WP-010 


Vi, = 3.5 V for ULN7003A 


PULSE 
GENERATOR 
PRR = 10 kHz 

DC = 50% 


Dwg, EP-020 
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7003 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAY 


ELECTRICAL CHARACTERISTICS at T, = +25°C (unless otherwise noted). 


Characteristic Min. Typ. Max. 


Output Leakage Current Voge = 150 V 


Voge = 150 V. T, = +70°C 
Output Sustaining Voltage 


Output Saturation Voltage [,= 100 mA, |, = 250 pA 


IN 


lg = 250 MA, |, = 350 pA 


Input Current Vin = 3.85 V 
ini |, = 500 pA, T, = +70°C 


Input Voltage Vog = 2.0 V, I, = 200 mA 


Vog = 2.0 V, I = 250 mA 


t 


Switching Delay ad Turn On, |, = 250 mA 


Turn Off, |, = 250 mA 


Clamp Diode Leakage Current Vaz 150 V 


Vj = 150 V, T, = +70°C 


Clamp Diode Forward Voltage 


Typical Data is for design information only. 
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7003 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAY 


ALLOWABLE PEAK INPUT CURRENT 
COLLECTOR CURRENT AS A AS A FUNCTION OF INPUT VOLTAGE 
FUNCTION OF DUTY CYCLE 


at T, = +50°C at T, = +25°C 
300 : T ] 

i | | 2.5 
9 | | 
° i as oti | log i — 
‘ KY 20 f 
< . Zz 
E 200 — aa ea whi ae 
z | 8 j 
5 i | wor qo45 
a | in. et et 
ra —t ee ~en Zz 
re 1 NUMBER OF OUTPUTS! t ical 
CONDUCTING ! - 
3 | S.MULTANEQUSLY =} i Z 1.0 L OS 
° = f : = 
z : : Tene 
4 | 
8 ! =. 025 SOY) \ AREA OF NORMAL 
x ar r 1 i 1 oe 2 Ye OPERATION WITH 
Py ' ' Z STANDARD OR 

| 6 SCHOTTKY Tt 
| 


Z oe 
0 25 40 66 i 100 2.0 2.5 3.0 3.5 4.0 4.5 5,0 5.5 6.0 
PER CENT DUTY CYCLE INPUT VOLTAGE = Ving 


Dwg. No. A-9756B 


Dwg. GP-015 


at T, = +70°C 


SIMULTANEC 


PEAK COLLECTOR CURRENT IN mA AT 470°C 


40 as, 80 190 
PER CENT DUTY CYCLE 
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Dwg. No. A-9640A 


ABSOLUTE MAXIMUM RATINGS 
at + 25°C 


Supply Voltage, V... 

Input Voltage, Vin 

Output Current, Io.> 

Power Dissipation, P,, 

Operating Temperature Range, 

-20°C to +85°C 


A 
Storage Temperature Range, 
-65°C to +150°C 


*Derate at the rate of 18 mW/°C above 25°C 


Due to the high input impedance of these devices, 
they are susceptible to static discharge damage 
sometimes associated with handling and testing. 
Therefore, techniques similar to those used for 
handling MOS devices should be employed. 
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GAS-DISCHARGE DISPLAY 
SEGMENT DRIVER 


The UDN7180A segment driver is a monolithic high-voltage bipolar 
integrated circuit for intertacing between MOS or other low-voltage 
circuits and the cathode of gas-discharge display panels. 


These drivers reduce substantially the number of discrete compo- 
nents required with panels (Beckman, Burroughs, Dale, Matsushita, 
NEC, Pantek, etc) in calculator, clock and instrumentation applications. 


The UDN7180A driver requires external current limiting and is 
intended for higher-current applications or where individual outputs are 
operated at different current levels (i.e. with alpha-numeric displays). 
All inputs have pull-down resistors for direct connection to open-drain 
PMOS logic. 


This device provides output currents suitable for display segments 
in a wide variety of display sizes and number of display digits. Either a 
fixed split supply operation or a feedback-controlled scheme is allowed. 


The UDN7180A driver can be used in a wide variety of low-level to 
high-voltage applications utilizing gas-discharge displays such as those 
found in calculators, clocks, point-of sale terminals, and instruments. its 
high reliability combined with minimum size, ease of installation, and the 
cost advantages of a complete monolithic interface make it the ideal 
choice in many applications. 


FEATURES 


Reliable Monolithic Construction 
@ High Output Breakdown Voltage 
@ Low Power 

@ TTL/MOS Compatible Inputs 


Always order by complete part number: | UDN71804 |. 


7180 
GAS-DISCHARGE DISPLAY SEGMENT DRIVER 


ELECTRICAL CHARACTERISTICS at T, = + 25°C, Vix = 110 V (unless otherwise specified). 


Min. 
-105 


Output Current -120 -155 HA 
(sense 


Supply Current Allinputs at 0 V _ 


NOTES: 1. All voltage measurements are referenced to pin 9 unless otherwise specified. 
2. All voltage measurements made with 10MQ DVM or VTVM. 
3. Recommended Vic Operating range -85 to -110 V. 
4. Positive (negative) current is defined as going into (coming out of) the specitied device pin. 


PARTIAL SCHEMATIC 


OUT OUTPUT 
! 
18k 
GND 
O—, 
200K 
R, = 350 ke2 
Ro #=0Q 
27K 
YiEK 
+ 
COMMON BIASING NET 


Dwg. No. A-9644C 


3-239 


LOAD 
SUPPLY 


CENTERTAP 3] Coy 
22| Cpe 


READWARITE 


ae 


CHIP SELECT 
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GROUND GROUND 


GROUND GROUND 


ms < 
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OUTp CLOCK 


OUT¢ RESET 
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NOT USABLE 
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TACH DATA 


REF 


ay 


FILTER 


Dwg. PP-032 


ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Load Supply Voltage, Va, 
Output Current, |), (PEAK). eee east +15 A 


(CONTINUOUS) ese eee teeeageiiieess ATTA 
Logic Input Voltage Range, 
-0.3;V to, V5, +.0.3 V 
Logic Supply Voltage, Voy hee titan 6.0V 
Package Power Dissipation, 
See Graph 
Operating Temperature Range 
-20°C to +85°C 
+150°Ct 


Junction Temperature, T 


Storage Temperature Range, 
-55°C to +150°C 


+ Fault conditions that produce excessive junction 
temperature will activate device thermal shutdown 
circuitry. These conditions can be tolerated, but 
should be avoided. 


Output current rating may be restricted to a value 
determined by system concerns and factors. 
These include: system duty cycle and timing, 
ambient temperature, and use of any heatsinking 
and/or forced cooling. For reliable operation, the 
specified maximum junction temperature should 
not be exceeded. 


3-PHASE BRUSHLESS DC MOTOR 
CONTROLLER/DRIVER WITH BACK-EMEF SENSING 


8901 


The A8901SLB is a three-phase DMOS back-EMF sensing spindle 
motor driver for use in 5 V Winchester disc drives. The power output 
stages are capable of 1 A output currents and have 1.4 { (total resis- 
tance) DMOS power outputs for low power dissipation. Intrinsic ground 
clamp and flyback diodes are provided for driving inductive loads. 
Thermal shutdown circuitry is provided to protect the device from 
excessive junction temperatures. 


Internal logic and analog detection: circuitry provide complete 
sequencing of the outputs during start-up.and run modes without the 
need for external Hall-effect position-sensing devices. Internal linear 
control of the output current.is.used in conjunction with external circuitry 
to provide frequency- or phase-locked loop speed control. A serial port 
allows the user flexibility in.pregramming the maximum start-up current 
level, sleep mode, atid system diagnostics. 


The A8901SLB is provided in a 24-lead wide-body, small-outline 
plastic power'package, (SOIC) for surface-mount applications. The 
copper batwing.provides for maximum package power dissipation in 
the smallest possible construction. 


FEATURES 


@ DMOS Outputs 

MLow f,..,,71-4 @ Maximum Total 

a Back-EMF Commutation Circuitry 
@ Programmable Start-Up Current 

@ Diagnostics Mode 

@ Sleep Mode 

Bi Linear Current Control 

B internal Thermal Shutdown Circuitry 
@ Power Surface-Mount Package 


Always order by complete part number: A8901SLB |. 
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8901 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER 


h 
a 


FUNCTIONAL BLOCK DIAGRAM 


Nn 
o 


Ves “Ret 


CENTERTAP 


a 


START-UP 


Cot BACK-EMF 
Cp2 DETECTION eee POWER 


c CIRCUITRY DMOS 
WD OUTPUTS 


FCOM 


o 


CLOCK 
CHIP SELECT 
SERIAL 
DATA 
eaetnhs PORT CURRENT 
READWRITE CONTROL 


50 75 100 125 150 RESET 
TEMPERATURE IN °C 


ad 
a 


SEQUENCER 


° 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS. 
i] 
a 


Dwg. GP-019 


Dwg. FP-017A 


Characteristic 


Logic Supply Voltage 


Logic Supply Current Operating 


Sleep Mode 
Load Supply Voltage 


Thernal Shutdown Hysteresis 


Output Drivers 


Output Leakage Current 


Total Output ON Resistance 


(Source + Sink + Rs) 


Output Sustaining Voltage 
Clamp Diode Forward Voltage 


Continued next page... 
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ELECTRICAL CHARACTERISTICS continued 


Characteristic Test Conditions Min. Typ. Max. 


Controi Logic 


Logic Input Voltage V DATA, RESET, CLK, REF, 
RW, TACH, CHIP SELECT 


Logic Input Current 


Logic Output Voltage 
(DATA and FCOM) 


Charging 


Discharging 


Filter Current Charging 


Discharging 
C, Current Charging 


(C5, OF Cpa) Discharging 


C,, Current Matching lopioiscHiney IcoicHr) 


Co Current Charging 


Cyp Trip Voltage : 0.50 0.55 
: 250 275 
Clock Frequency 


loyr(MAX) Accuracy 


Transconductance Gain om : 0.50 0.60 AN 
Centertap Resistors Rey ; 10 12 kQ 
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SERIAL PORT TIMING CONDITIONS 


WRITE MODE 


CHIP SELECT | i 


READWRITE 


cock MM SFLILILILI 


p/o Dwg. WP-014 


A. Minimum READ ‘WRITE and CLOCK setup time 
before CHIP SELECT ou... cccccsescessessssesssssetsneens : 


B. Minimum DATA setup time before CLOCK rising edge . 5 
C. Minimum DATA hold time before CLOCK falling edge... 150 ns 
D. Minimum READ. WRITE hold time after CHIP SELECT disable ........ 150 ns 


READ MODE 


= =o 


READ/WRITE 


be 


DATA BX] OUTPUT Ray 


CLOCK RX hn wy 


pro Dwg. WP-014 


E. Minimum READ WRITE setup time before CHIP SELECT .... 
F. Minimum time until output DATA valid oo... cece cece ceecececeeceenenees 
G. Minimum READ WRITE hoid time after CHIP SELECT disable ........ 150 ns 
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TYPICAL APPLICATION 


Crgrnn" 


FILTER 


FIGURE 1 


+--0 


SEQUENTIAL] 
LOGIC a 


! ra 
$o---- Veer 


—- 


Dwg. EP-031 


FUNCTIONAL DESCRIPTION 


Power Outputs. The power outputs of the 
A8901SLB are DMOS transistors with a total 
source plus sink f,,.,,,, of less than 1.4 Q. 
Intrinsic ground clamp and flyback diodes 
(see Figure 1) clamp transient voltage spikes 
when switching inductive loads. Internal 
charge pump circuitry is used to drive the 
gates of the N-channel source drivers to their 
required gate voltages. The truth table for the 
output drivers sequencing is: 


Current Control. The A8901SLB provides 
linear current control of the sink drivers during 
start-up and running modes. In the start-up 
mode, the maximum load current can be 
programmed via the serial port (see Serial 
Port). During the running mode, the output 
current is linearly controlled for low noise in 
frequency-locked or phase-locked speed- 
control systems. To accomplish this, the load 
current is monitored by an internal sense 
resistor (R,). The voltage across the sense 
resistor is compared to one-tenth the voltage 
at the FILTER pin less two diode drops, 
generating an error voltage to drive the gate 
of the appropriate output sink transistor. This 
creates a load current that is proportional to 
the voltage at the FILTER pin Jess two diode 
drops. This transconductance function is |; 
= (Vengean2 Vp)/10 R,. Where R, is approxi- 
mately 0.2 2 and V,, is approximately 0.7 V. 


Speed Control. The A8901SLB has been 
configured to operate in conjunction with 
external digital circuitry to provide frequency- 
locked loop speed control of spindle motors. 
The TACH and REF inputs are used to turn 
ON current sources |, and |, to charge and 
discharge a lead/lag loop filter compensation 
network (see Figure 2). The truth table for 
this function is: 
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The external circuitry required for imple- 
mentation of the speed control loop is shown 
in Figure 2. The operation of this circuit is as 
follows: the FCOM signal is a logic signal that 
changes state every time the A8901SLB self 
commutates. By dividing the FCOM signal by 
three times the number of poles in the motor. 
a TACH signal is developed that changes 
state every mechanical revolution. This is 
done to develop a low-jitter tachometer signal 
The low jitter is achieved because each time 
the TACH signal changes state the back-EMF 
circuitry is looking at the same magnet pole 
pair. 


FIGURE 2 


room O oe NO, OF POLES x 3 “ACH 


CLOCK 


COUNTER 
ENABLE 


TATCH 


OUTPUTS 


TACH {SLOW 


TACHiFAST} | 
AEF | 


| 
ly 
ERHOR FAST (DISCHARGES Fl TEA — : 


ERROR SLOW ICHARGES FILTER 


Owe EP C30 


The derived TACH signal is compared to the desired time (REF) 
for one revolution. This is done by using the positive-going edge of 
the tach signai to trigger a latch that enables a counter. The counter is 
driven by an accurate oscillator signal and (in conjunction with an AND 
gate) is used to count the desired number of oscillator cycles in a single 
revolution. When the counter reaches its desired number the latch is 
reset and the REF signal goes low (see Figure 2). The TACH and REF 
signals are fed back to the A8901SLB to charge and discharge the filter 
compensation network. If the TACH signal goes low before REF an 
Error-Fast signal turns ON |, lowering the current in the motor and 
thereby reducing its speed. If the REF signal goes low before TACH 
an Error-Slow signal turns ON |, which increases the load current and 
thereby the speed of the motor. The loop filter components are used to 
dampen the response of the loop and achieve optimal settling time. 


Response time to disturbances in speed can be improved by 
synchronizing to sector data once information is being read from the 
disc. This change can be made by changing the count number in the 
counter and switching TACH to a sector tachometer signal. This should 
be done when TACH and REF are in the low state so as not to gener- 
ate an erroneous error signal. 


Microprocessor-controlled phase-locked loop speed-control sys- 
tems can use the FILTER pin as a transconductance input by omitting 
the loop filter components and connecting TACH and REF to ground. 


Start-up and Back-EMF Commutation Circuitry. The A8901SLB 
provides sensorless operation of three-phase bipolar brushless dc 
motors. This is done by randomly energizing one of the six output 
commutation states to start the motor moving. The motor’s back-EMF 
is then quickly examined to determine if the motor is moving in the 
correct direction and if the drivers are in their correct output states. If 
they are not, the output drivers are advanced to the next state in the 
output sequence and the process repeats itself. If the motor is synchro- 
nized to the correct output commutation state, and moving in the right 
direction, the back-EMF circuitry disables the start-up circuitry and 
continues to commutate the motor off the back-EMF signals in the 
windings. 


Serial Port. The serial port functions to both read and write informa- 
tion to and from the A8901SLB. The serial port is enabled/disabled by 
the CHIP SELECT pin. When CHIP SELECT is high, the serial port is 
disabled and the chip is not affected by changes in data at the DATA, 
CLOCK, or READ. WRITE pins. When the CHIP SELECT is low, the 
serial port functions in the read or write mode depending on the READ/ 
WRITE pin. 


Write Mode (READ, WRITE Low). To write data to the serial port, the 
READ/WRITE pin and the CLOCK pin should be tow prior to the CHIP 
SELECT pin going low. Once CHIP SELECT goes low, information on 
the DATA pin is read into the shift register on the positive-going transi- 
tion of the CLOCK. There are five bits in the serial input port. Their 
functions are: 


DO - Sleep’Run Mode; LOW = Sleep, HIGH = Run 
This bit allows the A8901SLB to be powered 
down when not in use. 
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D1 - Step Mode; LOW = Normal Operation, HIGH = Step Only 
When in the step-only mode, the back-EMF detection 
circuitry is disabled and the power outputs are stepped 
through their normal commutation sequence by the 
start-up oscillator. This mode is intended to facilitate 
device and system testing. 


D2 - Read Output Select; LOW = Thermal Shutdown Status, 
HIGH = Sequencer Pulse. 


D3 and D4 - These two bits set the maximum output current 
according to the following truth table: 


Data written into the serial port is latched and becomes active upon 
the jow-to-high transition of the CHIP SELECT pin at the end of the 
write cycle. DO will be the last bit written to the serial port. 


Read Mode (READ/WRITE High). The transitions of the start-up 
oscillator or the status of the thermal shutdown of the A8901SLB can be 
read from the serial port DATA pin. The choice between these two 
functions is selected by the D2 bit in the serial port's latches. To read 
data the READ/WRITE pin must be high prior to CHIP SELECT going 
low. When CHIP SELECT goes low the DATA pin will register the 
status of the selected function. If the status of the selected function is 
changing, the data output will reflect this as long chip select is held low 
and READ/WRITE is held high. 


Thermal Shutdown Status: LOW = No Fault, HIGH = Fault 


Oscillator: Each change represents a step to the next state 
in the six-step output sequence. 


The READ/WRITE pin should be held high until the CHIP SELECT 
pin has returned to high to avoid erroneous data being written to the 
device. 


Reset. The RESET pin, when pulled low, forces the DO latch on the 
serial port low which puts the A8901SLB in the sleep mode. When 
RESET is high, the DO bit is unaffected. When in the sleep mode, the 
FILTER pin is pulled high to allow the output drivers to fully saturate at 
startup. 


Centertap. The A8901SLB internally simulates the centertap voitage of 
the motor. To obtain reliable start-up performance from motor to motor, 
the motor centertap should be connected to this terminal. 


External Component Selection. Information regarding the selection 
of external component values is available. 
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LOAD c 
SUPPLY O1 


DATA IN. 
CLOCK 
CHIP SELECT 


OUTa |. RESET 


GROUND GROUND 


GROUND GROUND 


OUT DATA OUT 


OUTS OSCILLATOR 


} LOGIC 
SUPPLY 


SECTOR 
DATA 


CENTERTAP 


BRAKE 


Cres FILTER 
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ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Load Supply Voltage, V,,, 
A8902SLB 
A8903SLB 
Output Current, |... (peak)... 
(CONTINUOUS) 0... eee eeceldaee rene +H. A 
Logic Input Voltage Range, 
0.3 V to V,,,, 4.0.3 V 
Logic Supply Voltage, Voo hupelercci 6.0 V 
Package Power Dissipation, 
See Graph 
Operating Temperature Range, 
-20°C to +85°C 


Junction Temperature, T, 


Storage Temperature Range, 
“55°C to +150°C 


T Fault conditions that produce excessive junction 
temperature will activate device thermal shutdown 
circuttry. These conditions can be tolerated, but 
should be avoided. 


Output current rating may be restricted to a value 
determined by system concerns and factors. 
These include: system duty cycle and timing, 
ambient temperature, and use of any heatsinking 
and/or forced cooling. For reliable operation, the 
specified maximum junction temperature should 
not be exceeded. 


The A8902SLB and A8903SLB are three-phase DMOS back-EMF 
sensing spindle motor drivers for use in 5 V and 12 V Winchester disc 
drives, respectively. The power output stages are capable of +1 A 
output currents and have 1 (total resistance, typical) DMOS power 
outputs for low power dissipation. Intrinsic ground clamp and flyback 
diodes are provided for driving inductive loads. Thermal shutdown 
Circuitry is provided to protect the devices from excessive junction 
temperature. 


Internal logic and analog detection circuitry provide complete 
sequencing of the outputs during.start-up and run modes without the 
need for external Hall-effect position-sensing devices. Internal linear 
control of the output current is used to provide frequency-locked loop 
speed control. A serial port ‘allows the user flexibility in programming 
the reference frequency count number which determines motor speed. 
Additionally, the serial port provides user programmability of maximum 
Start-up current levels, asleep mode, and system diagnostics. 


Both devices are provided in 24-lead wide-body, small-outline 
plastic power packages (SOICs) for surface-mount applications. The 
copper batwing provides for maximum package power dissipation in 
the smallest possible construction. 


FEATURE S 


DMOS Outputs 

LOW Tyson 7 1 2 Typical Total 
Back-EME Commutation Circuitry 
Frequency-Locked Loop Speed Control 
Sector Data Tachometer Signal Input 
Programmable Start-Up Current 
Diagnostics Mode 

Sleep Mode 

Linear Current Control 

Dynamic Braking With Delay 

System Diagnostics Data Out 
Internal Thermal Shutdown Circuitry 
Power Surface-Mount Package 


Always order by complete part number: 
A8902SLB 5 Volt Drive 
A8903SLB 12 Volt Drive 
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FUNCTIONAL BLOCK DIAGRAM 


Cgt Cres Yep RET 


CENTERTAP (0) 


BACK-EMF 
DETECTION 
CIRCUITRY 


OUTPUTS 


CHIP SELECT 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


SERIAL CJRRENT 
DATA IN PORT CONTROL 

DATA OUT FREQUENCY- 

KED LOOP 

RESET cansietd 
25 50 75 100 125 150 

TEMPERATURE IN °C OSC SECTOR FILTER 

Dwg. GP-019 DATA 


Dwg, FP-022A 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V,,, = 5.0 V, 


Van = 5-0 V (A8902SLB) or 12 V (A8903SLB) 
eis 


Symbol Min. 
V 45.50 5 
Load Supply Voltage Vv A8902SLB, Operating _ 5.0 6. 
A8903SLB, Operating _ 12 14 


DD 
BB 
OSX 


Output Drivers 
| A8902SLB, Voy, = 6.0 V 
ia AB903SLB, Voy, = 14 V = ie att 
Voyr = 0 V — +100 -300} pA 
(Source + Sink + R,) 
Output Sustaining Voltage Vosisus) A8902S LB, |5,,,= 900 mA, L = 3 mH 7.0 coaes _— Vv 


Continued next page... 


Characteristic Test Conditions 


Output Leakage Current 


3-248 


8902 AND 8903 
3-PHASE BRUSHLESS DC MOTOR 


CONTROLLER/DRIVERS WITH BACK-EMF SENSING 


ELECTRICAL CHARACTERISTICS continued 


Characteristic 


Control Logic 


Logic Input Voltage DATA, RESET, CLK, CHIP SELECT 


DATA, RESET, CLK, CHIP SELECT 


-0.3 
Vinca) 3.5 — 5.3 
Logic Input Current linvoy Vin=OV — _ -0.5 HA 
Lie Viy = 5.0 V _— _ 1.0 BA 
DATA Output Voltage Vourioy four = 500 HA _— = 1.5 Vv 
veut lour = 7900 HA 3.5 — _ Vv 
C,, Current lest Charging 16 20 24 HA 
Discharging -16 -20 -24 HA 
10 12 HA 

cD 


— 1.5 


Filter Current Charging 8.0 


Discharging -10 -t2 


Charging 


8.0 
C,, Current : 16 20 24 
(CD, or C,,) Discharging 35-44-53 
f 
f 


C5 Trip Voltage 


c 
Vou 
Von 
Ose 
Gn 
Ror 


HA 
HA 
HA 
HA 
Vv 


045 050 0.55 


2.25 250 2.75 Vv 


iB ai a 


045 0.50 0,55 A 
8.0 10 12 kQ. 


FLL Oscillator Frequency ae 
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CHIP SELECT | Sena | 


—|C 
—| B 
Dwg. WP-014-1 


SERIAL PORT TIMING CONDITIONS 
A. Minimum CHIP SELECT setup time 


before CLOCK rising Cdge oo... ecceeecesce ster t ee eceeetettaesaneeetas 150 ns 
B. Minimum DATA setup time before CLOCK rising edge ............0 150 ns 
C. Minimum DATA hold time before CLOCK falling edge ou... ee 150 ns 


FUNCTIONAL DESCRIPTION 
Power Outputs. The power outputs of the A8902/03SLB are DMOS 
transistors with a total source plus sink T,.,,,, Of typically 1.1 Q. Intrinsic 
ground clamp and flyback diodes clamp transient voltage spikes wnen 
switching inductive loads. Internal charge-pump circuitry is used to 
drive the gates of the N-channel source drivers to their required gate 
voltages. The truth table for the output drivers sequencing is: 


SEQUENCER STATE 


Braking. Dynamic braking of the motor, where all source drivers are 
turned OFF and all sink drivers are turned ON, is achieved by activating 
the BRAKE input or through the serial port - DATA IN. During power- 
down conditions, the external charge-pump storage capacitor is used to 
provide power to turn ON the three sink drivers which, due to their 
inherent capacitive input, will remain activated until the device is reset. 
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boa V pr 
0 Yee 


ae 
ae E 
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FILTER 


Cro jeateMeec® 


Ro =0.22 


SEQUENTIAL 
LOGIC = |~ 


FIGURE 1 
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An external resistor/capacitor can be utilized in conjunction with the 
BRAKE input to provide a delay on braking (100 ms max.) during power 
down to ensure retraction of the voice coil head before spindle-motor 
braking is activated. 


Current Control. The A8902SLB and A8903SLB provide linear 
current control of the sink drivers during start-up and running modes. 
In the start-up mode, the maximum load current can be programmed 
via the serial port (see Serial Port). During the running mode, the 
output current is linearly controlled for low noise in frequency-locked 
speed-control systems. Current control is achieved by monitoring the 
load current with an interna! sense resistor (R,). The voltage across 
the sense resistor is compared to one-tenth the voltage at the FILTER 
terminal less two diode drops, generating an error voltage to drive 
the gate of the appropriate output sink transistor. This creates a 

load current that is proportional to the voltage at the FILTER terminal 
less two diode drops. This transconductance function is Lege (Veet 
-2V,,)/10R,, where R, is approximately 0.2 Q and V, is approximately 
0.7V. 


Speed Control. The A8902/03SLB include a frequency-locked loop 
speed control system. This system operates by generating motor 
speed (TACH) and desired speed reference (REF) signals which are 
compared to provide a speed error signal, which is then used to turn 
ON current sources |, and |,,, to charge or discharge a lead/lag loop 
filter compensation network at the FILTER terminal. 


The circuitry implementing the speed control loop is shown in 
Figure 2. The operation of this circuit is as follows: the FCOM signal 
is a logic signal that changes state every time the A8902/03SLB detects 
a back-EMF zero crossing. By dividing the FCOM signal by three times 
the number of poles in the motor, a TACH signal is developed that 
changes state every mechanical revolution. This is done to develop a 
low-jitter tachometer signal. 


The derived TACH signal is compared 
to the desired time (REF) for one revolution. 
This is done by using the positive-going edge 
of the TACH signal to trigger a latch that 
enables a programmable counter, The 
counter, driven by an accurate external 
oscillator signal, counts the desired number 
of oscillator cycles in a single revolution. 
The desired number of oscillator cycles is 
programmed via the serial port DATA IN. 


120 xf 
desired Se 


: desired motor speed (rpm) 


total count 


When the counter reaches its desired 
number, the latch is reset and the REF signal 
goes low (see Figure 2). The TACH and REF 
signals are fed to the switchable current 
sources to charge and discharge the loop 
compensation network at the FILTER termi- 
nal. If the TACH signal goes low before REF 
an Error-Fast signal turns ON 1, lowering the 
current in the motor and thereby reducing its 
speed. If the REF signal goes !ow before 
TACH an Error-Slow signal turns ON |, which 


N@ OF POLES x 3) 


\___,—__] 


24 BIT SHIFT 
RFGISTFR 


ERROR FAST (DISCHARGES FiLleAi’ item 


FRAQR SLOW ICHARGES FILTER) peerenioed 


Dwg. EP.035 


FIGURE 2 
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increases the load current and thereby the DO - Sleep/Run Mode; LOW = Sleep, HIGH = Run 
speed of the motor. The loop filter compo- This bit allows the device to be powered down when not 
nents are used to dampen the response of the in use. 


loop and achieve optimal settling time. 
D1 - Step Mode; LOW = Normal Operation, HIGH = Step Only 


Response time to disturbances in speed When in the step-only mode the back-EMF detection 
can be improved by synchronizing to sector circuitry is disabled and the power outputs are stepped 
data once information is being read from the through their normal commutation sequence by the 
disc. This change can be made by changing start-up oscillator. This mode is intended to facilitate 
the count number in the programmable device and system testing. 
counter (see Serial Port) and switching TACH 
to a sector tachometer signal. This should be D2 - Brake; LOW = Run, HIGH = Brake, 


done when TACH and REF are in the low 
state so as not to generate an erroneous error 
signal. This can be achieved by programming 
the serial port to provide the SYNC signal 
(high) on the DATA OUT terminal which will 
indicate exact timing for the switch to sector 
data. 


D3 and D4 - These two bits set the maximum output current: 


Start-Up and Back-EMF Commutation 
Circuitry. The A8902/03SLB provide 


sensorless operation of three-phase bipolar D5 thru D18 - This 14-bit word programs the REF time to set 
brushless dc motors. This is done by ran- desired motor speed. The user provides the OSC input for 
domly energizing one of the six output com- the master clock to the 18-bit counter. 


mutation states to start the motor moving. 
The motor’s back-EMF is then quickly exam- 
ined to determine if the motor is moving in the 


Bit Number Count Number 


correct direction and if the drivers are in their 16 
correct output states. If they are not, the Be 
output drivers are advanced to the next state 64 
in the output sequence and the process 128 
repeats itself. If the motor is synchronized to 256 
the correct output commutation state, and 512 
moving in the right direction, the back-EMF 1024 
circuitry disables the start-up circuitry and 2 048 
continues to commutate the motor off the 4096 
back-EMF signals in the windings. 8192 
Serial Port - DATA IN. The serial port Lae 
functions to write various operational and 32.768 
diagnostic modes to the A8902/03SLB. The 65 536 
serial port DATA IN is enabled/disabled by the 131 072 


CHIP SELECT input. When CHIP SELECT is 
high the serial port is disabled and the chip is ore ee 
not affected by changes in data at the DATA D19 - This bit sets the frequency-locked loop synchronization; 
IN or CLOCK inputs. LOW = Internal once-around speed signal, HIGH = External 


: ; sector data. 
To write data to the serial port, the 


CLOCK input should be low prior to the CHIP 
SELECT input going low. Once CHIP SE- 
LECT goes low, information on the DATA IN 
terminal is read into the shift register on the 
positive-going transition of the CLOCK. There 
are 23 bits in the serial input port. Their 
functions are: 


——————— 
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D20 and D21 - These bits program the 
number of motor poles for the 
once-around FCOM counter: 


D22 and 023 - Controls the multiplexor for 
DATA OUT: 


Tach. (once around or sector) 


Thermal Shutdown 
Sync. (tach.-sector switch) 
FCOM 


Data written into the serial port is latched 
and becomes active upon the low-to-high 
transition of the CHIP SELECT input at the 
end of the write cycle. DO will be the last bit 
written to the serial port. 


Reset. The RESET terminal when pulled 
low clears all serial port bits, including the 
DO latch which puts the A8902/03SLB in the 
sleep mode. When in the sleep mode, the 
FILTER terminal is pulled high to allow the 
output drivers to fully saturate at startup. 


Centertap. The A8902/03SLB internally 
simulate the centertap voltage of the motor. 
To obtain reliable start-up performance from 
motor to motor, the motor centertap should be 
connected to this terminal. 


External Component Selection. Applica- 
tions information regarding the selection of 
external component values is available. 


TYPICAL APPLICATION 
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ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 
Supply Voltage, V., 
Output Current, I,.,, ( 500 ms) 


(CONTINUOUS) 2.0... ee cathe eee aces tate t2.0A 
Logic Input Voltage Range, 
-0.3 V. to +6.0 V 


See Graph 
Operating Temperature Range, 
-20°C to +85°C 


Junction Temperature, T, 
Storage Temperature Range, 
-55°C to +150°C 


+ Fault conditions that produce excessive junction 
temperature will activate device thermal shutdown 
circuitry. These conditions can be tolerated, but 
should be avoided. 


Output current rating may be restricted to a value 
determined by systerr concerns and factors. 
These include: system duty cycle and timing, 
ambient temperature, and use of any heatsinking 
and/or forced cooling. For reliable operation, the 
specified maximum junction temperature should 
not be exceeded. 
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DIRECTION 


The A8922SEA is a DMOS three-phase brushless dc motor 
controller/driver designed for use in streaming tape drives and other 
data storage applications. The power output stages are capable of 
+2 A output currents and have less than 0.3 22 DMOS power outputs 
for low power dissipation. Intrinsic ground clamp and flyback diodes 
protect the output drivers when switching inductive loads. Thermal 
shutdown circuitry is provided to protect the device from excessive 
junction temperatures. 


The A8922SEA's CMOS, commutation logic is compatible with 
motors that have digital Hall-effeet sensors with 120° of electrical 
separation. Digital inputs,te the device control direction, brake, and 
fast- or slow-decay PWM. current control functions. The sources of the 
sink drivers are brought Gut to allow the user to sense current in the 
load with an external sense resistor. Internal charge-pump circuitry is 
provided to drive'the.N-channel DMOS source drivers to their required 
gate voltages. 


The A8922SEA is provided in a 28-lead PLCC power package 
for surface-mount applications. The copper half-batwing provides for 
maximum allowable package power dissipation in the smallest possible 
construction: 


FEATURES 


DMOS Outputs 

LOW Ty gjqn) 7 0-6 2&2 Maximum (source + sink) 
Fault Output Flag 

Internal Commutation Logic 

Brake Function 

Fast- or Slow-Decay PWM Current Control 
Internal Thermal Shutdown Circuitry 
Power Surface-Mount Package 


Always order by complete part number: A8922SEA |. 
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FUNCTIONAL BLOCK DIAGRAM 


H4 
Ho 
H3 


SEQUENCING 
FAULT AND 
CONTROL 
DIRECTION 
CIRCUITRY 


OUTPUT DISABLE -—€ D) OUT g 
SOURCE ENABLE 
BRAKE 


@3) SUPPLY 


t+) OUT. 


< A 
CHARGE PUMP 
(2) SINK SOURCES 
SENSE 


Dwg. FP-023 


NOTE: There is an indeterminate resistance between terminals 9 and 28 and they must both be 
connected externally to the supply. 
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8922 
3-PHASE BRUSHLESS DC MOTOR 


CONTROLLER/DRIVER WITH POWER DMOS OUTPUTS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vo = 12V 


Supply Voltage ed Operating 
Supply Current ee Operating 
Output Leakage Current 


Thermal Shutdown 
Thermal Shutdown Hysteresis - fF 
Output Drivers 
Output ON Resistance = +2.0A, Pulse Test 
(one transistor) 
Output Sustaining Voltage =+3.0A,L=2mH 
Clamp Diode Forward Voltage ae = 2.0A 
Output Switching Time =+2.0A, Resistive Load 
|. 7=+2.0A, Resistive Load 
Control Logic 
Logic Input Voltage = 
Logic Input Current 
lint) 
FAULT Output Voltage Vourio 
Voura 


Maximum PWM Frequency ial 


NOTE: Negative current is defined as coming out of (sourcing) the specified device terminal. 


Limits 


DISABLE, H,, H,, H,, BRAKE, 
DIRECTION, SOURCE ENABLE 
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8922 
3-PHASE BRUSHLESS DC MOTOR 


CONTROLLER/DRIVER WITH POWER DMOS OUTPUTS 


COMMUTATION TRUTH TABLE 
DISABLE = Low, SOURCE ENABLE = High. 


High Low High 
High Low Low 
High High Low 
Low High Low 
Low High ~~ High 
Low 


ow b 


Low Low 


Low Low 


Low Low 


High 


Low Low 
High Low Low 
High High Low 
Low High Low 
Low High High 
Low 
High — High 
Low 


Low 


Low 


Low 
Low 


High 


X = Irrelevant 
Z = High impedance 


Hail Sensor inputs [Outputs] 
DIRECTION BRAKE FAULT OUT, OUT, OUT 
L ow 


Low 
Low Low Low 


Low Low Low 
High Low Low 
High Low Low 


x Low High 


B c 
ow Zz 
Z Low 


FUNCTIONAL DESCRIPTION 


Power Outputs (OUT,, OUT,, and OUT,). The power outputs of the 
A8922SEA are DMOS transistors each with a maximum Toston OF 0.3 2. 
Intrinsic ground clamp and flyback diodes clamp transient voltage 
spikes when switching inductive loads. Internal charge-pump circuitry 
is used to drive the gates of the N-channel source drivers to their 
required gate voltages. Load current may be sensed with an external 


sense resistor between SENSE and ground. 


C..5: A 0.22 uF capacitor should be connected from this terminal to 
ground. This capacitor serves as a charge-pump reservoir to allow the 
power outputs to be turned ON rapidly. 


SOURCE ENABLE. The SOURCE ENABLE input when low disabies 
the source drivers. When SOURCE ENABLE is high the output state of 
the source drivers is given in the Commutation Truth Table. 


OUTPUT DISABLE. The OUTPUT DISABLE terminal when high turns 
OFF all the power output drivers. The OUTPUT DISABLE function is 
over-ridden by the BRAKE command when BRAKE is high. 


DIRECTION. The DIRECTION input controls 
the order of sequencing of the output drivers. 
These states are given in the commutation 
truth table. 


Hall Inputs (H,, H,, and H,). The Hall inputs 
are configured to accept cMos digital logic 
input levels. When using open-collector Hall 
effect devices, pull-up resistors to five volts 
will be required. 


FAULT. The FAULT terminal when high 
indicates the presence of an invalid condition 
on the Hall inputs or the presence of a 
thermal shutdown condition. The thermal 
shutdown circuitry disables the output drivers 
in the event of excessive junction tempera- 
ture. 
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8922 
3-PHASE BRUSHLESS DC MOTOR 


CONTROLLER/DRIVER WITH POWER DMOS OUTPUTS 


SENSE. The drains of the three sink drivers are brought out to this 
terminal to allow the user to connect a smaill-value sense resistor 
(typically 0.1 Q) between this terminal and ground for sensing current 
in the load. If current sensing is not required, this terminal must be 
connected to ground. 


SUPPLY (V,,). These are the supply terminals for the A8922SEA. 
For correct operation both terminals should be connected together 
externally. Care should be taken to decouple this connection with a 
large-value capacitor as close to the package as possible to absorb 
load currents dumped back into the supply during the de-energization 
of the motor windings. These currents can cause the supply voltage 
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to exceed the maximum voltage rating of the 
device if not properly decoupled. 


GROUND. Terminals 12 through 18 are 
webbed together and attach to the die mounting 
area to form a low thermal resistance path to 
allow heat to be conducted out of the device. 
The power dissipation of the package can be 
further enhanced by soldering these terminals 
to a large area of copper foil on the printed 
wiring board. 


3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER 


Dwg. PP-034 


ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Load Supply Voitage, Vag saccetiaweaaiiacliaes 14V 
Output Current, Igy; i 
Logic Supply Voltage, Vag otitis 14V 


Logic Input Voltage Range, 


Fy tvsnsstonapeubelireseathrn eg oe eo eaanhees xe See Graph 


Operating Temperature Range, 
-20°C to +85°C 
+150°Ct 


Junction Temperature, T, 


Storage Temperature Range, 
-55°C to +150°C 


+ Fault conditions which produce excessive 
junction ternoerature will activate device thermal 
shutdown circuitry. These conditions can be 
tolerated, but should be avoided. 


Output current rating may be restricted to a value 
determined by system concerns and factors. 
These include: system duty cycle and timing, 
ambient temperature, and use of any heatsinking 
and/or forced cooling. For reliable operation, the 
specified maximum junction temperature should 
not be exceeded. 


WITH LINEAR CURRENT CONTROL 
AND POWER DMOS OUTPUTS 


The A8925SEB Is a DMOS three-phase brushless de motor 
controller/driver designed for use in Winchester disc drives and other 
data storage applications. The power output stages are capable of 
+4 A output currents and have DMOS power outputs with less than 
0.25 Qr,..,,, for low power dissipation. Intrinsic ground clamp and 
flyback diodes protect the output drivers when switching inductive 
loads. Thermal shutdown circuitry ig provided to protect the device 
from excessive junction temperature, 


A transconductance amplifier is used to linearly regulate the load 
current and control motor speed..lnternal current-sensing circuitry 
eliminates the need for external sense resistors. Analog and digital 
control circuitry provide complete sequencing of the output drivers as 
well as providing brake, disable, and tachometer functions. A FAULT 
output flag indicates the presence of an under-voltage condition on the 
12 V supply, excessive junction temperature, or an invalid Hall input 
combination. The A8925SEB’s commutation logic is compatible with 
motors:that have digital Hall effect sensors with 120° of electrical 
separation: Internal charge-pump circuitry is provided to drive the 
N-channel DMOS source drivers to their required gate voltages. 


The A8925SEB is provided in a 44-lead PLCC power package 
for surface-mount applications. The copper batwing provides for 
maximum allowable package power dissipation in the smallest 
possible construction. 


FEATURES 


DMOS Outputs 

LOW Fgion - 0-25 £2 Maximum 
Linear Current Control 

Internal Commutation Circuitry 
Internal Current Sensing 

Thermal Shutdown Circuitry 
Under-Voltage Detection Circuitry 
Fault Output Flag 

Power Surface-Mount Package 


Always order by complete part number: |A8925SEB| . 


a Ne Ne EN | 
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8925 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER 


WITH LINEAR CURRENT CONTROL 
AND POWER DMOS OUTPUTS 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


%5 50 75 400 125 150 
TEMPERATURE IN °C 
Dwg. GP-020 
ELECTRICAL CHARACTERISTICS AT T, = +25°C, Nee = Vin =12V 


Limits 


Characteristic 


Logic Supply Voltage Voc 
Load Supply Voltage Vv Operating 


BB 
Supply Current loc Operating 
[Temarsnadon PY 
[ Thema shutdowntiieress af 
Output Drivers 


Output Switching Time t our = $4.0 A, Resistive Load 


uT= +4.0 A, Resistive Load 


Operating 


Output Leakage Current 


NOTE: Negative current is defined as coming out of (sourcing) the specified device terminal. Continued next page... 
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8925 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER 


WITH LINEAR CURRENT CONTROL 
AND POWER DMOS OUTPUTS 


ELECTRICAL CHARACTERISTICS CONTINUED 


ENABLE, BRAKE, POLE 
ENABLE, BRAKE, POLE 


Logic Output Voltage 
(FAULT, TACH) 


Vourion 


Vourei 
Error Amplifier 


Voltage Range _ 
Miscellaneous 


Hall Input Current 


lias Viy= OV 500-1000 | uA 
wes Viy = 5.0 V —  -250— -500 yA 


NOTE: Negative current is defined as coming out of (sourcing) the specified device terminal. 
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8925 

3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER 
WITH LINEAR CURRENT CONTROL 

AND POWER DMOS OUTPUTS 


CHARGE 
PUMP 
SENSE 


AMPLIFIER 


ERROR 
AMPLIFIER 


Dwg. EP-040 


FUNCTIONAL DESCRIPTION 


Power Outputs (OUT,, OUT,, and OUT,). The power outputs of the 
A8925SEB are DMOS transistors with a maximum [_.,,,, Of 0.25 2. 
Intrinsic ground clamp and flyback diodes clamp transient voltage 
spikes when switching inductive loads. Internal charge-pump circuitry is 
used to drive the gates of the N-channel source drivers to their required 
gate voltages. 


Current Control. Current in the load is monitored by an internal sense 
amplifier that produces an output current that is approximately one 
twelve hundredth that of the load current (see Figure). This current is 
output to the V..... terminal and develops a voltage across R, that 
equals R, * |, ,,,/1200. This sense voltage (V...,4.) is compared to a 
reference voltage (V,,,) and an error voltage is developed that is gated 
in by the sequential control logic to drive the gate of the appropriate 
output sink transistor. A transconductance control function is thus 
realized where |,,, = Vaz. * 1200/R,. External components C,, C,, R,, 
R,, and R, are compensation components used to obtain optimal 
response and settling of the current control loop. Information on how 
to select these components is available. 
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8925 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER 


WITH LINEAR CURRENT CONTROL 
AND POWER DMOS OUTPUTS 


FAULT. The FAULT terminal when low indicates the presence of one 
of three fault conditions: 


A) An under-voltage condition on the logic supply. 
The trip point for this function is between 8 and 9 volts. 


B) An invalid Hall input combination ... all inputs High or ail 
inputs Low. 


C) An excessive device junction temperature. The thermal 
shut-down circuitry disables the output drivers in addition to 
forcing the FAULT output signal low. 


TACH and POLE. In order to develop a low-jitter tachometer signal 
(TACH) for use in controlling motor speed the A8925SEB divides the 
frequency of the H, input by the number of poles in the motor. This 
eliminates the jitter caused by variations in Hall effect device place- 
ment, sensitivity, and magnet strengths by always changing state when 
looking at the same magnet/sensor pair. The resulting TACH signal 
changes state every mechanical revolution of the motor. The POLE 
input sets the TACH signal for four-pole motors when Low or eight-pole 
motors when High. 


Hall inputs (H,, H,, H,). The A8925SEB is configured for use with 
open-collector Hall effect devices. Internal 20 kQ pull-up resistors to 
10 volts are connected to these inputs. 


ENABLE. The ENABLE terminal when Low puts the device in a low 
current consumption, power-down mode, When ENABLE is High the 
device is active. 


BRAKE. When the BRAKE input goes Low the output source drivers 
are disabled and the gates of the sink drivers are pulled high and left 
floating. This achieves optimum passive braking performance since the 
sink power DMOS output drivers are ON until the motor has fully 
completed braking. The braking control circuitry operates off the load 
supply (V,,) to allow it to remain operational during power loss by using 
the back-EMF voltage of the motor as its supply. 


LOAD SUPPLY (V,,). This terminal is the 
power supply connection for the power output 
drivers and braking control circuitry. A series 
diode should be used to isolate this terminal 
from the logic supply (V,.) to avoid clamping 
the motor’s back-EMF voltage through the 
intrinsic ground clamp and flyback diodes 
during power loss. This terminal should be 
decoupled with a large-value capacitor to 
absorb load currents dumped back into the 
supply during the de-energization of motor 
windings. These currents can cause the 
supply voltage to exceed the maximum 
voltage rating of the device if not properly 
decoupled. 


LOGIC SUPPLY (V.,.). This is the 12 volt 
supply terminal for the A8925SEB and 
powers all circuitry except the power outputs 
and brake control circuitry. 


LOGIC GROUND. This must be connected 
to the power ground terminals in systems that 
do not use separate power and logic grounds. 


POWER GROUND. Terminals 7 through 

17 and 29 through 39 are webbed together 
and attach to the die mounting area to form 
a low thermal resistance path to allow heat to 
be conducted out of the device. The power 
dissipation of the package can be further 
enhanced by soldering these terminals to 

a large area of copper foil on the printed 
wiring board. 


COMMUTATION TRUTH TABLE 


Hali Sensor Inputs 


=| 
Z = High Impedance 


relevant 


OUT, OUT, OUT, 


BRAKE FAULT 
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8931 


2 INHIBIT 
LOGIC 
+ SUPPLY 


2B] SENSE: out 
27] PARK DRIVE 


ries 


Parr SIGNAL 
GAIN SWITCH F-* J GROUND 


PARK f 
VOLTAGE | PWELOK 


SENSE jy [7 2a | SENSE wy, 


SENSE » oyr [8 


9 | LOAD 
SUPPLY 


9) OUT y 


i 
H 
rate 


POWER Ts 


GROUN® | > 
e 


Dwg, PP-039 


ABSOLUTE MAXIMUM RATINGS 
at T, = 25°C 


Supply Voltages, V,,, and V., 
tO A 


Output Current, loupe £ 


Park Drive Output Current, lnank 


VeENSE IN 
Comparator and Digital, Inputs, 


lin 


| 
Open Collector Outputs, Vi, .- 


Cc 
Output Clamp Diode Current, 
|, (pulsed) 
Package Power Dissipation, P,,.. See Graph 


Operating Temperature Range, 
-20°C to +85°C 


Junction Temperature, T, 


Storage Temperature Range, 
-55°C to +150°C 


* Fault conditions that produce excessive junction 
temperature will activate device thermal shutdown 
circuitry. These conditions can be tolerated but 
should be avoided. 
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VOICE COIL MOTOR DRIVER 


Providing control and drive of the voice coil motor used for head 
positioning in disk drive applications, the A8931SEA is a full-bridge 
driver which can be configured so that its output current is a direct 
function of an externally applied control voltage or current. This linear 
current control function is supplemented by additional circuitry to 
protect the heads and the data disk during system failure or normal 
system shutdown. 


The two +800 mA driver outputs provide very-low saturation voltage 
drops and precise current control,utilizing a singie current-sensing 
resistor connected in series withthe load. Under-voltage lockout 
disables the system ina Gontrolled sequence if a fault condition occurs. 


When activated by the under-voltage comparator, or a park com- 
mand, the output pewer drivers change from a controlled current to a 
user-determined constant park voltage. Other features include a 4:1 
transconductance gain switch for improved on-track performance, a 
power ok flag, an-over-riding output disable to shut down both power 
amplifiers and reduce quiescent supply current, and internal thermal 
shutdown which disables the load (but still allowng the head to be 
parked) in the event of excessive junction temperature. The load is 
re-enabled when the junction temperature returrs to a safe level. 


The A8931SEA is supplied in a 28-lead power PLCC for surface- 
mount applications. The copper half-batwing construction provides 
for maximum package power dissipation in a minimum package size. 
It is rated for continuous operation over the temperature range of 
-20°C to +85°C. 


FEATURES 


Controlled-Velocity Head Parking 

4V to 15 V Operation 

Zero Deadband 

High Transconductance Bandwidth 
User-Adjustable Transconductance Gain 
4:1 Digital Transconductance Gain Switch 
+800 mA Load Current 

Dual Under-Voltage Monitors 

with Flag and User-Selectable Trip Points 
Internal Thermal Shutdown Circuitry 


Always order by compiete part number: [A8931SEA] . 


8931 
VOICE COIL MOTOR DRIVER 


o 
nm 
a 


50 75 400 125 150 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


Owg. GP-033 


FUNCTIONAL BLOCK DIAGRAM 


LOAD 
SUPPLY @ 


@) INHIBIT 


SIGNAL 
GROUND 


GAIN SWITCH 


SENSE » ba 


POWER PWR OK 
GROUND (ACTIVE HIGH) 


Dwg. FP-021 
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8931 
VOICE COIL MOTOR DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V.,. = Va, = 12 V 


_— Test Conditions 


einer eee! 
See 
Vouyr = 6 V, no load 


Supply Current 


Limits 


Units 


3 


3 
> 


3 
> 


3 
> 


Thermal Shutdown Temp. 
Thermal Shutdown Hysteresis 


Power Amplifiers 


Oo 


Output Saturation Voltage _ 250 _ mV 
_ 450 —_ mV 
i: ae mV 
_ 9&0 _ mV 


Total Saturation Voltage 


Input Offset Voltage 


Input Offset Drift * 


Except IN, Voy, = 8 V — 150-500 nA 
IN, to SENSE, = 12kQ, T, = 25°C . 


ts 

a es ee 
Pete 
Eee 
ara 


Input Bias Current 


3 
> 


Unity Gain Bandwidth Amplifier A 0.5 2.0 _ MHz 


ee B- , 0.5 1.€ — MHz 
= 800 MA, Vignypiy 21-7 V a 4g. te 


= 25°C aa 1.0 
o=4 Vito 15 V, Vy we loV 70 90 = 

Negative current is defined as coming out of (sourcing) the specified device terminal. Continued next page... 

Typical Data is for design information only. 

* This parameter, although guaranteed, is not tested in production. 


~ 
oO 
© 
oO 
| 


= 
De) 
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8931 
VOICE COIL MOTOR DRIVER 


ELECTRICAL CHARACTERISTICS continued 


Limits 


Characteristic Test Conditions 


Current Sense Amplifiers 


Input Offset Voltage L Vo | 


Vio 
Input Offset Drift Wig Voy =O V to 12 V 


See * 
GAIN SWITCH Input Current las V 


Voltage Gain Avs: Vip =i Vito +1 V, Vay = 6 V 


Vip #71 Vito +1: V, Vay = 6 V. Vag = 0 
ip zit Vito HV, Vy = 6 Vs Vag = 1.7 V 


Output Saturation Voltage lgyr = 1-5 MA 


~Vour lour = 71-5 mA 


Park Function 


Inhibit Function 


INGE path Nias es 


INHIBIT input Current Viger = 1-7 V 


Negative current is defined as coming out of (sourcing) the specified device terminal. 
Typical Data is for design information only. 
* This parameter, although guaranteed, is not tested in production. 
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8931 
VOICE COIL MOTOR DRIVER 


TERMINAL FUNCTIONS 


Terminal Terminal 
Number Name 
1 LOGIC SUPPLY 
2 INHIBIT 


3 and 4 UV, and UV, 
5 SENSE, GAIN SWITCH 


i Inverting input to current sense error amplifers. 
Output of current sense error amplifier number 2. 
fee ee Non-inverting input to power amplifier A. 


Inverting input to power amplifier A. 


INay 
W Power amplifier A output to voice coil motor. 
12-18 POWER GROUND High-level power ground and thermal heat sink. 


Power amplifier B output to voice coil motor. 
Vea) oad supply voltage in the range of +3 V to +16 V. 
Inverting input to power amplifier B. 
Non-inverting input to power amplifier B. 
Non-inverting input to current sense error amplifiers. 
A logic low at this output indicates an under-voltage condition. 
Low-level signal and logic ground; circuit reference. 
An active-high logic input that activates the park function. 


PARK DRIVE Power transistor for retract current control on power down or park command. 


Function 


Voc: logic supply voltage in the range of +3 V to +16 V. 


An active-high input that inhibits the output stages without initiating a park. 


Under-voitage detection inputs. If not used, these terminals must be 
connected to the logic supply (Vc). 


An active-high input that changes the gain of current sense error amplifier 
number 2 from 2 to 8 (typical). 


Auxiliary inverting input to power amplifier A. 


=e 
So 


a 
oOo 


20 
21 
22 
23 
24 
25 
26 


ne) 
™N 


nN 
Co 


SENSE 


{OUT Output of current sense error amplifier number 1. 
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8931 
VOICE COIL MOTOR DRIVER 


CURRENT SENSING 


SENSE , = 8 kQ 


1 

! 

7 

} SENSE y= 8 or 32 kQ SENSE , = 8 kQ 
! 

! 


SENSE 5= 8 of 32 kQ2 


FA" VS © “SENSE Owg, EP-034-1 
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8931 
VOICE COIL MOTOR DRIVER 


PARKING FUNCTION 


Pees WA few oy ’ 
R, 
1 PARK 1 
1 VOLTAGE ; INg. 
1 
i O RseNnse Oia 
OUT a nes OUT, B+ 
"eS 15V aan OPTIONAL —C)----- 
PARK CURRENT 
{ LIMIT 
1 
t 
+ 0 PARK 
= DRIVE 
: 
1 
@ 
cA Uy, 
/\ se Oa 


Se 


PARK © <a 
UV. 
PWR OK 2 
itso ct tT gt = 


2 Dwg. EP-039 


tIL-VWAA 
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= 


RET SET 


Vsens 


i 


nf 


lbs 


Veeme VLoao 


GROUND Vsens Fa 


UV sey SGND y 


Rourp OUTe 


LOAD 
SUPPLY 


< 


ouT 


SWITCH OUT, 


SGNDp 


mew ceoeaegececesen 
_ 


IN wy 


S 


OUT gy ACT rg 


= 
=: 


RETRACT, PWR OFF 


| 


FAULT 


H GAIN 


a 


aoe 
A 


REFERENCE 


MP Reset 


SIGNAL [7 
SUPPLY 


ACT 
Owg, PP-042 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltages, V.,, and V,, 
Output Current, loyy (Peak) eee +600 mA 
(CONTINUOUS) oo. eee +400.mA 
Analog Input Voltage Range, 
-0.3'V to V,, 
Logic Input Voltage Range; 
-0.3 V to +6.0 V 


See Graph 


Operating Temperature Range, 
T 


arc to +70°C 


Junction Temperature, T +150°Ct 


Storage Temperature Range, 

Ts a -55°C to +150°C 
} Fault conditions that produce excessive junction 
temperature will activate device thermal shutdown 
circuitry. These conditions can be tolerated, but 
should be avoided. 


Output current rating may be restricted to a value 
determined by system concerns and factors. 
These include: system duty cycle and timing, 
ambient temperature, and use of any heatsinking 
and/or forced cooling. For reliable operation the 
specified maximum junction temperature should 
not be exceeded. 


VOICE COIL MOTOR DRIVER 


Providing control and drive of the voice coil motor used for head 
positioning in 5 V disk drive applications, the A8932CLW is a full-bridge 
driver which can be configured so that its output current is a direct 
function of an externally applied control voltage or current. This linear 
current control function is supplemented by additional circuitry to 
protect the heads and the data disk during system failure or normal 
system shutdown. 


The two +500 mA MOS driver'outputs provide very tow saturation 
voltage and minimal power dissipatian,...Additional headroom is 
achieved by the sense-FET structure eliminating the need for an 
external current-sense resistor. Internal circuitry can be configured to 
provide closed-loop velocity control of the actuator by utilizing the 
generated back-EMF of the voice coil motor. Thermal protection and 
under-voltage lockout disables the system in a controlled sequence if 
a fault condition occurs. 


The A8932CLW is supplied in a 28-lead SOIC for surface-mount 
applications: 


FEATURES 


Internal Back-EMF Velocity Loop Option 
Lossless Current Sensing 

Zero Deadband 

High Transconductance Bandwidth 
User-Adjustable Transconductance Gain 
Digital Transconductance Gain Switch (4:1 Ratio) 
5 Volt Monitor with Selectable UV Trip Point 
Retract Circuitry Functional to 0 Volts 

Chip Enable/Sleep Mode Function 

1 V at 500 mA Output Saturation Voltage 
Internal Thermal Shutdown Circuitry 


Always order by complete part number: |A8932CLW) . 
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8932 
VOICE COIL MOTOR DRIVER 


FUNCTIONAL BLOCK DIAGRAM 


SIGNAL LOAD 
SUPPLY SUPPLY 
@) 
ACT. (19) Wen 


LOAD 


m 
Be) 
ms] 
ie) 
a 
om 
m 
Zz 
G 
m 
< 
=) 
is] 
< 


act (8) AMP 
REFERENCE (16) 


OUT p 
SGND p 

OV OUT N 
HGAIN (17) re 

PWR OFF (18) AMP Veews FB 
CONTROL ieee 
LOGIC 7 
RETRACT) (11) Wee SENS 


PROTECTION 
CIRCUITRY 


(7) ouT 
BN ee SS D140) OUTsw 


ee “eS i 
a 

Bae ee PSE oe On @ 
jam 

coe GROUND SWITCH 


Owg. FP 0244 


FREE AIR 
Raya ~ 86.6 


a 


° 


rh 
a 


50 75 496 125 150 
AMBIENT TEMPERATURE IN “C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 
° 


Dwg. GP-034 


a I 1 
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8932 
VOICE COIL MOTOR DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vee = Vop = 4.5 V to 5.5 V, VREF =2.0V 
(unless otherwise noted). 


Characteristic Test Conditions 


Input Bias Current le 
Input Offset Voltage 


Input Resistance 


R 
Current Gain A H GAIN 2 V.,/2 
H GAIN < V,/2 


IN 
Reference Voltage Range 


Power Supply Rejection Ratio 


Output Saturation Voltage 
(Source + Sink} 


Retract Output Voitage DSISAT) our = 150 mA 
Output Current lon Pulse Test. +600 mA Limited 


Gain Bandwidth 


Miscellaneous 


Under-Voltage Lockout Voitage 


Supply Current Outputs Balanced. No Load 


Logic Input Voltage 


Thermal Shutdown Temperature 


Thermal Shutdown Hysteresis 


Negative current is defined as coming out of (sourcing! the specified device terminal. 
Typical Data is for design information only. 
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8932 
VOICE COIL MOTOR DRIVER 


TERMINAL FUNCTIONS 


Terminat Name 


1 RET REF 


Function 


The reference supply for setting the voltage across the load during retract. 


Reservoir (energy storage) capacitor used to operate fault circuitry. 


Back-EMF voltage from spindle motor used to retract heads during toss of power. 


GROUND 


Circuit reference. 


2 
3 Veemr 
4 
5 


Under-voltage trip point reference input. Set internally to 4.3 V but may be 
overridden by external resistor divider. (Equation 6). 


Source driver used for retract; externally connected to OUT,,. 


Output of uncommitted operational amplifier. 


Logic input for transmission gate; a high level connects OUT to OUT... 


Inverting input to uncommitted operational amplifier. 


sw 


Transmission-gated output of uncommitted operational amplifier. 


RETRACT, 


An active-low logic input that initiates the retract sequence. 


FAULT 


A logic low at this MOS output indicates a thermal shutdown, under-voltage 
fault, or retract command. 


MP reset 


(Power-On Reset) A logic low at this open-collector output may be used 
to reset the system on under-voltage fault or power ON. 


SIGNAL SUPPLY 


Vg: low-current supply voitage in the range of 4.5 V to 5.5 V. 


ACT 


Input which controls the current in the load. Transconductance gain is 
set with an external resistor in series with this input (Equation 1). 


REFERENCE 


Vage: feference input for all amplifiers; ac ground. 


H GAIN 


Logic input to switch the error amplifier transconductance gain: LOW = 1560, HIGH = 6240. 


PWR OFF 


An active-high logic input that puts the device in a “sleep mode”. 
All fault circuitry remains active. 


ACT yp 


Input connection for feedback network which sets the error amplifier gain and bandwidth 
(Equations 2 and 3). 


SGND, 


Power ground for the OUT, sink driver. 


OUT, 


Power output. Sinks current when V4.7 < Varg- 


LOAD SUPPLY 


Vpp: high-current supply voltage for the voice-coil motor. 


OUT, 


Power output. Sinks current when V4.7 > Veer: 


SGND, 


Power ground for the QUT, sink driver. 


Veens FB 


Input connection for feedback network which sets the current-sense amplifier gain and bandwidth. 


Vioad 


An output voltage proportional to the load voltage. Used in conjunction 
with closed-loop velocity control. 


Vsens 


Voltage output representing load current (Equation 4). 


RET SET 


An external resistor divider to set the retract voltage across the load. Used in conjunction with 


Vaer.acr (Equation 5). 


8932 
VOICE COIL MOTOR DRIVER 


DEVICE DESCRIPTION 


Current Amplifier. The A8932CLW 
voice coil motor driver features a wide 
transconductance bandwidth and no 
measurable crossover distortion. The 
transconductance gain is user selectable: 


gm (Equation 1) 


where A, is either 1560 (H GAIN = Low) 
or 6240 (H GAIN = High) 


The error amplifier's bandwidth and load 
compensation zero are set utilizing external 
resistor and capacitor feedback components 
around the amplifier. 


(Equation 2) 


C,=— 
TX Tow Loap/ (Equation 3) 
A (2 fax R ) 


with R, as above, and H GAIN = Low, 
the bandwidth is less than 100 kHz. With 
H GAIN = High, the bandwidth is reduced 
to less than 25 kHz. 


Current and Voltage Sensing. The load 

current is sensed internally. Three auxiliary 

amplifiers are also included to allow various 

control functions to be implemented. The 

first of these amplifiers provides a voltage 

output that is proportional to the load current: 
R. | 


Vv S LOAD 


SENSE A 


(Equation 4: 


The second and third auxiliary amplifiers may 
be used in conjunction with the first to 
provide a closed-loop velocity control system 
for the actuator arm during a controlled 
retract for head parking. This is achieved 

by determining the back-EMF voltage gener- 
ated by the voice coil and feeding back this 
information to the main actuator contro} input. 
The back-EMF feedback voltage can be 
switched in as required by means of the 
SWITCH logic input. 


The back EMF-voltage represents the velocity of the actuator. By 
subtracting the |,.,.,R,,,. valtage component from the voltage across the 
load, the back-EMF term can be isolated and fed back to close a 
velocity control loop. 


The amplifier output voltage V..,,,, is proportional to the voltage 
across the load (0.4(V.u, > Voyip)). R, is selected so that V...,. repre- 
sents |,,,4, while R, is dependent on R,,,,, as shown in the following 
equations: 


LOAD 


V.oap = -0-4 ((I,./R 


LOAD 


+V 


Loan! Loan) seme) 


Vv =R, | A 


SENSE S “LOAD “ "i 


where A, = 1560 (H GAIN = logic Low) 


OUT gy = -V 


7 R,J 


VGM 
where J is the moment of inertia, K, is the back-emf motor constant, and 
K,. is the torque constant. 


Velocity loop compensation = Ly oan’ Ry ong 


=R,C,=R,C, 


Aj ~ 1560 or 6240 


Vin VR gm ee - Ay 


@ 6 
of m™ 1/8 —m Ky 


04 Ry AD 


VeEMF 


KI ht: 


Dwg. OP -003 
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VOICE COIL MOTOR DRIVER 


Retract and Brake. A retract-brake se- (‘brake’) is sent to the spindle motor driver. The user determines the 
quence is initiated on receiving a fault indica- total time for the retract sequence, before the spindle brake is enabled, 
tion from the internal thermal shutdown by the choice of an external resistor and capacitor at the FAULT output. 
(TSD), or under-voltage lockout (UVLO), or An ; 7 
an externally applied logic High at the Power for the retract function is provided by the rectified back EMF 
RETRACT input. of the spindle motor by way of the V,,,,, terminal. The A8932CLW will 
perform the retract function under low supply conditions (nominally 

if the velacity control scheme is imple- down to 2 V). Operation down to almost 0 V requires an energy- 

mented, the head can be retracted under the storage capacitor at the V,__ terminal. 


full control of INPUT in conjunction with . ; 
OUT, back-EMF voltage if no fault condition Protective Features. The A8932CLW has a number of protective 


exists. If a fault condition were to occur features incorporated into the design. Under-voltage lockout provides 
however, the retract velocity would be con- system protection in the event of reduced primary supply voltages. The 
trolled by applying a constant user-defined under-voltage trip point is internally set at approximately 4.3 V. Itcan 
voltage across the load: be user-defined with an external resistor voltage divider: 
v 0.58 (R, + R,) UV 1.5 (R, + R,) 

RET REF ~ R, (Equation 5) Tne R, (Equation 6) 

where R, 2 130 kQ. Thermal shutdown circuitry is included to protect the device from 
excessive junction temperature. It is only intended to protect the chip 

When the sequence is operated, the output from catastrophic failures due to excessive junction temperature. 
voltage is forced to approximately V...4 pep tO 


retract the heads, and then a fault command 


TEST CIRCUIT AND TYPICAL APPLICATION 


VOICE COIL! 
MOTOR 


eon nee 


' 1 
1 
: pie 
I 
2 mei 
~ 
b--@----~ == 6 AAA 


t 
Peau Rae 
. 1k O PROTECTION Cy 
i CIRCUITRY one AAA 
RESET O R 


“sl 


SWITCH 


1 

t 
L 
aes 

! 

’ 

' 

' 

1 


BACK EMF FROM 
SPINDLE MOTOR 


Dwg. EP-O41A 
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Te 
5 
4 
6 
? 
8 


Ef 


GROUND 
e 
e 
° s 
e 
e 
GROUND 


Dwg. PP-038 


ABSOLUTE MAXIMUM RATINGS 


at T, = 25°C 

Supply Voltages, Va, ANd Vag veces 16V 
Output Current, lour wipe biced lado eer ieetet +1.0A 
Park Drive Output Current, lpark 

CONTINUOUS eect eeeeeereeee 250 mA 

PB od eure alice iihiomraadetiners 10A 
Amplifier Input Voltage Range, 

Vin ETS aa an uity weet Renta aay -2.0 V to Vo 
Sense Input Voltage Range, 

Vig crigtinsurcaumectyin at -0.3 V to Vo, 


Comparator and Digital! Inputs, 


c 
Output Clamp Diode Current, 
I. (PUIS@D) eset tere eeeeteees 104A 


Package Power Dissipation, P,,...See Graph 


Operating Temperature Range, 
-20°C to +85°C 


Junction Temperature, Ty... eee 150°C* 


Storage Temperature Range, 
pega neeay Seanad ne -55°C to +150°C 


* Fault conditions that produce excessive junction 
temperature will activate device thermal shutdown 
circuitry. These conditions can be tolerated but 

should be avoided. 


VOICE COIL MOTOR DRIVER 


Providing control and drive of the voice coil motor used for head 
positioning in disk drive applications, the A8958SEA is a full-bridge 
driver which can be configured so that its output current is a direct 
function of an externally applied control voltage or current. This linear 
current control function is supplemented: by additional circuitry to 
protect the heads and the data disk during system failure or normal 
system shutdown. 


The two £800 mA driver outputs provide very-low saturation voltage 
drops and precise current control.utilizing a single current-sensing 
resistor connected in series with the. load. Under-voltage lockout 
disables the system in a controlled sequence if a fault condition occurs. 


When activated:by the under-voltage comparator, or a park com- 
mand, the output power drivers change from a controlled current to a 
user-determined Constant. park voltage. Other features include a power 
ok flag, a limit input to force the outputs to their maximum level in either 
polarity, an over-riding output disable to shut down both power amplifi- 
ers and reduce quiescent supply current, and internal thermal shutdown 
which disables the load (but still allowing the head to be parked) in the 
event.of excessive junction temperatures. The load is re-enabled when 
the junction temperature returns to a safe level. 


The A8958SEA is supplied in a 28-lead power PLCC for surface- 
mount applications. The copper half-batwing construction provides 
for maximum package power dissipation in a minimum package size. 
It is rated for continuous operation over the temperature range of 
-20°C to +85°C. 


FEATURES 


@ Controlled-Velocity Head Parking 
@ 4 V to 15 V Operation 
@ Zero Deadband 
@ High Transconductance Bandwidth 
@ User-Adjustable Transconductance Gain 
@ +800 mA Load Current 
@ Dual Under-Voltage Monitors 
with Flag and User-Selectable Trip Points 
@ Internal Thermal Shutdown Circuitry 
@ Replaces UC3175 


Always order by complete part number: | A8958SEA |. 
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25 50 7 100 125 150 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


Dwg. GP-033 


FUNCTIONAL BLOCK DIAGRAM 


LOAD 
suppLy © 


(2) INHIBIT 


SENSE , 


SENSE ,, 


PARK @é} 


PWR OK 
(ACTIVE HIGH) 


Dwg. FP-020A 
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ELECTRICAL CHARACTERISTICS at T, = +25°C, Vig = Va, = 12V 


Characteristic Symbol Test Conditions Min. Typ. Max. 


ee 
[tose Svpy trees ve [SSS 
i nr 
B 
C 


0 tom mA 


2 


Vv 

V 
AV 

Supply Current lp Vour = 6 V, no load _ 
ee eee 
lag +! 
q, 
AT, 


Inhibited Supply Current Vv 21.7V _ 


Thermal Shutdown Temp. aie 
Thermal Shutdown Hysteresis aT, 


Output Power Drivers 


+ loo Vinuiair = 


Output Saturation Voltage 


Total Saturation Voltage 
(Source + Sink) 


Input Offset Drift * 


Input Bias Current Except IN, . Voy = 6 V 
IN,, to SENSE, = 12 kQ, T, = 25°C 


Input Offset Current IN, only, Voy = 6 V 
Large Signal Gain Voyr = 1 V 10 31 V, loge = $500 mA 
Slew Rate 


Unity Gain Bandwidth Amplifier A 


Amplifier B 


Common-Mode Rejection Kone Voy = 1 V to 10 V 
Clamp Diode Forward Voltage |= 800 MA; Ving 21-7 V 


High-Side Current Limit 
Power Supply Rejection Voge 4 V to 15 V. Ve = 1.5 V 


Negative current is defined as coming out of (sourcing) the specified device terminal Continued next page... 
Typical Data is for design information only. 
* This parameter, although guaranteed, is not tested in production. 
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ELECTRICAL CHARACTERISTICS continued 
Limits 


Characteristic Test Conditions 


Current Sense Amplifier 


cM 
Input Offset Drift A Voy = OV to 12 Vv 
See * 
Vip = 


Vio 
Vio 
Voltage Gain =-1Vto+1V,V,=6V 
SAT 
loex 
E(SAT) 


Output Saturation Voitage Vv Vour lout = 1-5 mA 
[as Voo > Your four = 71-5 MA 

Park Function 

PARK DRIVE Leakage Current Lteex | Moex=22¥ 

[PARK Topo Tiemod Vine fT 


PARK Input Current Veank = 1.7 V 


Under-Voltage Protection 
UV Threshold Hysteresis AVuy ies ate Sen tl 
Voetsar) 
loex 


UV Input Current 


PWR OK Saturation Voltage 
PWR OK Leakage Current | toex | 


Auxiliary Functions 


LIMIT Input Voltage OUT, forced Low 


OUT, forced High 


Viimeriey 


LIMIT(H) 


Vuinair 


Limit inactive 


Open circuit 
=1.2Vto1.8V 


LIMIT Input Resistance 


INHIBIT Input Threshold 


INHIBIT Input Current | 


Vuair 


Vinuigir = 1-7 ¥ 


INHIBIT 


Negative current is defined as coming out of (sourcing) the specified device terminal. 
Typical Data is for design information only. 
* This parameter, although guaranteed, is not tested in production. 


3-280 


8958 
VOICE COIL MOTOR DRIVER 


TERMINAL FUNCTIONS 


Voc: logic supply voltage in the range of +3 V to +16 V. 


An active-high logic input that inhibits the output stages without initiating a park. 


3and4 UV, and UV, Under-voltage detection inputs. If not used, these terminals must be 
connected to the logic supply (V_,). 
5 LIMIT A tri-state input that forces the output of amplifier A into saturation in either 
direction, or allows normal linear operation 


[| os PARK VOLTAGE Auxiliary inverting input to power amplifier A 
a ake SENSE, Inverting input to current sense error amplifer. 


i= cane N, Non-inverting input to power amplifier A 


U Power amplifier A output to voice coil motor 


: 


PWR GND, Power ground of amplifier A 
12-18 GROUND Circuit reference and thermal heat sink 


re ne 
i 
a |oi aly 


OU 


SENSE), Non-inverting input to current sense error amplifer. 
PWR OK 


PWR GND, Power ground of amplifier B. 
PARK An active-high logic input that activates the park function. 


PARK DRIVE Power transistor for retract current control on power down or park command. 
Output of current sense error amplifier. 
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PARKING FUNCTION 


joeceeee NAW\------>- : 
' R, ' 
PARK H 
| VOLTAGE \ INg_ 
' 
O H RSeNsE O----> 
! Oe: --9--WW----O 
' OUT 4 ter: ! OUT, INBs 
Rp 15 PARK ) OPTIONAL ()----- 
PARK CURRENT 
H LIMIT 
' i) 
' 1 
as QO PARK 
= DRIVE 
ce @ 
' 1 
. $ 
UV, 
) rede t 
O . 
t 
PARK © sey 
' 1 
PWROK 7 oe é 
(ACTIVE HIGH) < Cf <i O---r ' 
e e 3 
<i 3V 1 t 
Voc 
1.5 (R, +R.) 
OUT A R, Dwg. EP-039 
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APPLICATIONS 


INFORMATION 


POWER INTEGRATED CIRCUITS 
FOR MOTOR-DRIVE APPLICATIONS 


Improved systems performance and reliability, lower component 
counts, and reduced cost are among benefits offered by space-saving 
power interface ICs. Many of the following devices are specifically 
designed for motor-drive applications. The development of these 
devices is especially significant in view of the increasing use of micro- 
processor-controlled servo and stepper motors. 


UNIPOLAR STEPPER-MOTOR 
TRANSLATOR/DRIVER 
The UCN5804B integrated circuit drives permanent magnet 


stepper motors rated to 1.25 A and 35 V with a minimum of external 
components. 


Internal step logic activates one or two of the four output sink 
drivers to step the load from one position to the next. The logic is 
activated when STEP INPUT (pin 11) is allowed to go HIGH. Single- 
phase (A-B-C-D), two-phase (DA-AB-BC-CD), or half-step (A-AB-B-BC- 
C-CD-D-DA) operation, and step-inhibit are selected by connections 
at pins 9 and 10. The sequence of states is determined by the DIREC- 
TION CONTROL (pin 14). 


RECOMMENDED MAXIMUM OPERATING CONDITIONS 


Drive Format Ping Pin 10 
Output Voltage, Voup oo ee ees 35 V 
Soe B Ouiput Currents pike ascii pees oe ieee 1.25 A 
Me toe Logic Supply Voltage, Vag... 6. ieee eee eee eee 4.5Vto5.5V 


H 
Half-Step L 
Step-Inhibit H 


Input Voltage, Vip owe 


L/R STEPPER-MOTOR DRIVE 


or” DIRECTION Less 


9 CONTROL 


OR 


: 1 
STEP Pu" eae it Dy] | 
Dwg. EP-029 


3-284 


INTEGRATED CIRCUITS 
FOR MOTOR-DRIVE APPLICATIONS 


FULL-BRIDGE MOTOR DRIVERS 


The UDN2953B and UDN2954W are designed for bidirectional, 
chopped-mode current control of dc motors with peak start-up currents 
as high as 3.5 A. The output-current limit is determined by the user’s 
selection of a sensing resistor. The pulse duration is set by an external 
RC timing network. The chopped made of operation is characterized by 
low power-dissipation levels and maximum efficiency. 


Internal circuit protection includes thermal shutdown with hyster- 
esis, output transient-suppression diodes, and crossover current 
protection. 


The UDN2953B is supplied in a 16-pin DIP with heat-sink contact 
tabs. The UDN2954W. with increased allowable package power 
dissipation, is supplied in a 12-lead single in-line power tab package. 
In both case styles. the heat sink is at ground potential and needs no 
insulation. 


RECOMMENDED MAXIMUM OPERATING CONDITIONS 


Motor Supply Voltage, Vag 7.5 V to 50V 
Continuous Output Current, loupe hie ee atta trees 12.08 


Peak Output Cutrént is. 2 cen t-e suds cunittrow dette sce +3.5A 
Logic Supply Voltage. Vidette! sock iaanle vate sy 45Vto5.5V 
Input Voltage Views pec eh ere een ty Whew aad 24V 


UDN2953B 


+5V 


PHASE 


ENABLE 
(ACTIVE LOW) 


Dwg. No. A-12,649B 
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INTEGRATED CIRCUITS 
FOR MOTOR-DRIVE APPLICATIONS 


x! 


<i 


QUAD DARLINGTON SWITCHES 


The UDN2878W and UDN2879W drive motor windings at up to 200 
watts per channel. The integrated circuits include transient-suppression 
diodes and input logic that is compatible with most TTL, LS TTL, and 
5 V CMOS. The 12-pin single in-line power-tab package allows maxi- 
mum power-handling capability. 


RECOMMENDED MAXIMUM OPERATING CONDITIONS 


Load Voltage, V, (UDN2878W) 
(UDN2879W) 
Continuous Output Current, |, 


Peak Output Current, |, 
Logic Supply Voltage Range, V. 
Input Voltage, V,,, 


STEPPER-MOTOR DRIVE 


2-PHASE, UNIPOLAR INPUT UDN2878W 
WAVEFORMS 


Dwg. No. A-11,795 


Dwg. No. A-11,975 
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INTEGRATED CIRCUITS 
FOR MOTOR-DRIVE APPLICATIONS 


DUAL FULL-BRIDGE MOTOR DRIVER 


The UDN2993B motor driver contains two independent full-bridges 
capable of operating with load currents of up to 600 mA. An internally 
generated deadtime prevents potentially destructive crossover currents 
when changing load phase. Internal transient-suppression diodes are 
included for use with inductive loads. Emitter outputs allow for current 
sensing in pulse-width modulated applications. 


RECOMMENDED MAXIMUM OPERATING CONDITIONS 


Load Voltage Range, V,,, 10 Vto 40V 
Output Current, Logg coc c cece cece eee eee +500 mA 
Logic Voltage Range, V,, 4.5 V to 5.5V 


2-PHASE BIPOLAR STEPPER-MOTOR DRIVE 


(Pulse-Width Modulated) 


INPUT A 


INPUT B 


Dwg. No. A-12,453 


Dwg. No. A-12,454 
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INTEGRATED CIRCUITS 
FOR MOTOR-DRIVE APPLICATIONS 


LINEAR MOTOR DRIVERS 


Power operational amplifiers are useful in driving voice-coil motors, 
linear servo motors, and ac and dc motors in a linear mode where 
motor speed or position is a direct function of a linear input signal. The 
operational amplifiers listed here are standard “building block” circuits 
providing almost uniimited application. The high-gain, high-impedance 
operational amplifier configuration allows many specialized input, 
output, and feedback arrangements. 


All devices feature high output voltage swings, high input common 
mode range, high PSRR and CMRR. The unity-gain stable versions 
need no external compensation. Internal thermal shutdown circuitry 
protects these devices against output overloads. The dual amplifiers 
include programmable output current-sensing capability. 


FEATURES PACKAGE 


Unity-Gain Stable Internal Compensation 5-Lead SIP 
Bootstrapped Output, Unity-Gain Stable, 12-Lead SIP 


PARTNUMBER | TYPE AV, ba 


ULN3755W Dual 40 V t2.5A 
ULN3755B 


POSITION SERVO 
FROM ypP CONTROL 
POSITION-SENSING 
POTENTIOMETER 
+5V 0 T 
0.1 T | 
0.001 
= = at 
| 5 : ; : 
N + 
MECHANICAL DRIVE/ LINKAG 
R4=R5=R6=R7 
R1, R2 DEFINE D-C GAIN 
R3, C1 SELECTED FOR LOOP COMP. 
Dwg. No. A-12,652 
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Prog. Current Sense 16-Pin DIP 


m 


INTEGRATED CIRCUITS 
FOR MOTOR-DRIVE APPLICATIONS 


TWO-PHASE, 60 Hz OSCILLATOR/MOTOR DRIVER 


Dwg. No. A-12,651 


THREE-PHASF, 400 Hz OSCILLATOR/MOTOR DRIVER 


5082 5082 61.5K 


Dwg. No. A-12,650 
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INTEGRATED CIRCUITS 
FOR MOTOR-DRIVE APPLICATIONS 


UNIPOLAR WAVE DRIVE 


STROBE I Emer iF 


ours ——~ 


Dwg. No, A:11,446 


UNIPOLAR 2-PHASE DRIVE 


s1A0BE n clears 

IN 2 —-—-- J 

Na on 

In 4 rs ae oe nous me 

Our 1 TT OIF + — 
our = — Ee 
oun 3 = 

OH ge ees” ie tae 


Dwg. No. A-1 4.447 


BiMOS UNIPOLAR MOTOR DRIVERS 


Driving unipolar motors is one of many successful applications for 
the UCN5800A, UCN5801A, UCN5830B, andUCN5831B BiMOS II 
latched sink drivers. 


All devices contain CMOS data latches, CMCS control circuitry, 
high-voltage, high-current bipolar Darlington outputs, and output 
transient protection diodes for use with inductive loads. 


The UCNS5800A is a direct replacement for the original UCN4401A. 
The UCN5801A replaces the UCN4801A. With a 5 V supply, BIMOS II 
devices typically operate at data input rates above 5 MHz; at 12 V, 
significantly higher speeds are obtainable. BIMOS III drivers, with 
output voltage ratings to 150 V, are available as UCN5900A and 
UCN5901A. 


UCN5800A 14-pin DIP Clear, Strobe, Output Enable 


UCN5801A 22-pin DIP Clear, Strobe, Output Enable 


UCN5830B 16-pin DIP Strobe and Output Enable 


Strobe, Output Enable, 
Saturated Outputs 


RECOMMENDED MAXIMUM OPERATING CONDITIONS 


Output Voltage, V 
UCN5800A & UCN5801A 
UCN5830B & UCN5831B 


OUT 


Continuous Output Current, bea 
UCN5S800A & UCNS801A 
UCNS5830B & UCN5831B 

Logic Supply Voltage, V_,, 
UCN5800A & UCNS801A 
UCN5830B & UCN5831B 


4.5V to12V 
45Vto5.5V 


UNIPOLAR STEPPER-MOTOR DRIVE 


OUTPUT ENABLE (ACTIVE LOW} 


up 


Dwg. No B-1537 
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INTEGRATED CIRCUITS 
FOR MOTOR-DRIVE APPLICATIONS 


SINGLE-WINDING DC 
OR STEPPER-MOTOR DRIVE 


UDN-29502 
E (oN. Oe 
Ff o\ 


+28V0 | 0-6 \—o #14 
DIRECTION 


Dwg. No. Ai2.0+4 


FULL-BRIDGE DC 
SERVO-MOTOR DRIVE 


UDN-2935Z UDN-29502 


——_- 


SPEED as esaipe tia tae 
(PwM) ° * 


HIGH-CURRENT BIPOLAR 
HALF-BRIDGE MOTOR DRIVERS 


The UDN2935Z and UDN2950Z ICs are monolithic half-bridge 
motor drivers in power tab TO-220 style packages. The circuits com- 
bine sink and source drivers with diode protection, gain and level 
shifting systems. and a voltage regulator for single-supply operation. 
They are designed for servo-motor drive applications using pulse-width 
modulation. 


The PWM drive mode is characterized by minimal power dissipation 
requirements and allows the output to switch currents of 2 amperes. 
Output de current accuracies of better than 10% at 100 kHz can be 
obtained. 


The UDN2935Z and UDN2950Z may be used in pairs (full-bridge) 
to drive dc stepper motors or brushless dc motors. 


RECOMMENDED MAXIMUM OPERATING CONDITIONS 


Supply Voltage. V. . 8.0 V to 35 V 


Continuous Output Current. fo)... ee +2.0A 
Peak Output Current. |, Ane dope BALA hn db ch eR dey hep oe 
[PUL OlTAGG EV. lei ences pking aint wae Th dud yt ae daiied 5.5V 


3-PHASE BRUSHLESS DC MOTOR CONTROL 


UGN3130U 
(3) 


Dwg. No. A-12,653 
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APPLICATIONS 


INFORMATION 


INTEGRATED CIRCUITS FOR 


CURRENT-SOURCING APPLICATIONS 


FLOATING 
LOGIC GROUND LEVEL 
(Sink Driver) 


+5 


INPUT 
HOGIG CONDITIONING HIGH CURRENT 


[ 


Dwg. No. A-11,632 
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During recent years, the appearance of many new low-power 
monolithic devices (LSI and microprocessors) has created an increased 
need of peripheral power driver integrated circuits. Interface drivers are 
typically categorized in terms of their output-drive functions. When 
current flows out of the driver output terminal and into the load, the 
device is said to “source” current. Conversely, current flows from a load 
into a “sink” driver. 


Integrated source drivers usually consist of high-voltage 
PNP devices and high-power NPN Darlington outputs (which provide 
PNP-type action), with input-level shifting. These power ICs are useful 
for interfacing low-level logic (TTL, CMOS, NMOS, PMOS) and high- 
current or high-voltage relays, solenoids, lamps (incandescent, LED, 
neon), motors, and displays (gas-discharge, LED, vacuum-fluorescent). 
They can also be used to provide multi-channel buffers for discrete 
power semiconductors . 


The advantages of source drivers for display interface are quite 
evident. The X-Y addressing of most readouts requires both source 
and sink functions to minimize pin count, interconnections, and 
package count. 


A more subtle advantage of source drivers is related to their use 
with inductive loads or incandescent lamps . Both types of load gener- 
ate troublesome transients and noise currents on common logic /load 
ground lines. In addition, high ground currents can shift the ground rail, 
affecting logic input levels, thresholds, and noise immunity. The use of 
source drivers can minimize many of these concerns by separating the 
logic and power returns. 
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RELAY-DRIVER APPLICATIONS 


Series UDN2580A, eight-channel source drivers, and Type 
UDN2957A, five-channel source driver, provide current /voltage trans- 
lation from TTL, positive CMOS. or negative CMOS logic to -48 V tele- 
communication relays requiring less than 350 mA. All devices have 
internal inductive-load transient-suppression diodes. 


Type UDN2580A-1 is best driven from negative-reference CMOS 
or NMOS logic (-5 V or -12 V swing ) in order to provide a -48 V swing 
at the output. The active-low input Type UDN2588A-1 can be driven 
from positive logic TTL (+5 V swing) or CMOS (+12 V swing) levels. 
The active-high input UDN2957A is similar to the UDN2588A-1, but it 
also has a chip-enabie function that requires a minimum number of 
drive lines to contro! outputs from several packages in a simple muiti- 
plex scheme. 


RECOMMENDED MAX. OPERATING CONDITIONS 
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CURRENT-SOURCING APPLICATIONS 


VAC UUM-FLUORESCENT/GAS-DISCHARGE 
DISPLAY APPLICATIONS 


Series UDN6100A and UDN2580A source drivers provide 
solutions to problems encountered in driving higher-voltage vacuum- 
fluorescent and planar gas-discharge displays. Both series of parts 
provide TTL, CMOS, and NMOS input-logic compatibility. Series 
UDN6100A devices are active high (non-inverting) drivers. Series 
UDN2580A drivers are active low (inverting) devices. 


At minimum cost, Series UDN6100A-2 devices offer 60 V output 
breakdowns for vacuum-fluorescent displays typically utilizing less than 
32 characters. Featuring a minimum 80 V output breakdown voltage, 
standard Series UDN6100A drivers (no additional suffix) guarantee 
25 mA per output. Suffix -1 devices provide for a 110 V breakdown, 
recommending them for 40 to 80-digit or dot-matrix V-F applications or 
gas-discharge anode-drive applications requiring the higher output 
voltage. All of these drivers include internal pull-down resistors and 
provide operation from single-ended positive supplies. 


Operation from a split-supply allows the user to bias the V-F 
filament at ground potential or to utilize a system-supply voltage above 
ground (+40 V instead of +80 V). The UDN6138A source driver is 
recommended. 


For vacuum-fluorescent display applications requiring a higher 
current capability (operating several displays with common drive cir- 
cuitry), Type UDN2588A can be used with appropriate external output 
pull-down resistors to provide up to 350 mA per output. 


MAXIMUM OPERATING VOLTAGES 
Device Type 


UDN2588A 
UDN2588A-1 
UDN2588A 
UDN2588A-1 
UDN6138A-2 


2.4 <0.4 UDN6138A 


TTL or CMOS Series UDN6100A-2 
TTL or CMOS Series UDN6100A 


Series UDN6100A-1 
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CURRENT-SOURCING APPLICATIONS 


LIGHT-EMITTING 
DIODE APPLICATIONS 


Series UDN2580A and Series UDN2980A 8-channel source 
drivers provide monolithic solutions to problems associated with driving 
multiplexed LED displays in common-cathode or common-anode 
configurations. 


Type UDN2585A is a non-Darlington inverting (input low = output 
high) source driver that is frequently used as a segment or dot driver 
in a common-cathode LED display where multiplexed segment or dot 
currents do not exceed 120 mA. This device features input logic-level 
compatibility with open-collector TTL, standard TTL, CMOS, and 
NMOS, as well as low output saturation voltages. 


For common-cathode applications requiring higher segment cur- 
rents, or for common-anode digit drive applications, Series UDN2980A 
is recommended. This non-inverting (input high = output high) series 
features 350 mA per output continuous current ratings with peak 
currents reaching 500 mA per output. Outputs may be paralleled for 
higher current capability. Type UDN2982A is logic-compatible with 
2.4 V output levels of TTL and CMOS. Similar high output current 
ratings, for use in inverting applications, are offered by the Type 
UDN2580A driver. 


Combining source drivers with multi-channel, high-current sink 
drivers (such as Type ULN2068B, UDN2595A, or ULN2814A) provides 
simple, compact, and economical solutions to driving high-current multi- 
plexed LED displays. 


RECOMMENDED MAX. OPERATING CONDITIONS 
Supply Voltage, V., 
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UDN2585A ps2 jodie aan caine abel ucstge seattelene Roa koe e a Al Reales -120 mA 

DN 298 OA Me axa EN, ste aun srusah suk Giesing tmutyatintuits soe tententars cts vale -350 mA 
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CURRENT-SOURCING APPLICATIONS 


ELECTRO-MECHANICAL 
DISPLAY APPLICATIONS 


Source drivers in the Series UDN2580A and UDN2980A, when 
combined with the Type ULN2804A sink driver, provide a simple 
interface between 12 V CMOS logic and a multiplexed electro-mechani- 
cal display. As shown, the need for additional inverter packages is 
eliminated since Type UDN2580A is activated by a low input level and 
Type UDN2982A is turned ON by a high input level. All drivers have 
internal inductive-load transient-suppression diodes and copper lead 
frames for improved package power dissipation capability. 


RECOMMENDED MAX. OPERATING CONDITIONS 


Supply Voltage, Vg... ee eee eee 35 V 
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PRINTER APPLICATIONS 


Source drivers have been used extensively in electrosensitive, 
thermal, and impact printer applications. Multi-channel devices in the 
Series UDN2580A and UDN2980A reduce parts count and provide up 
to 350 mA per output at voltages up to 75 V (resistive load). Copper 
lead frames make these devices capable of simultaneously delivering 
up to 125 mA continuously from alt eight channels at an ambient 
temperature of +50°C. 


RECOMMENDED MAX. OPERATING CONDITIONS 
Supply Voltage Range. V. 


UDN2S88AR ck e sn yee baa, trap La Sina pegs ae Be eee te to75V 
UDN2981A and UDN2982A 20. eee 5Vto45V 
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Continuous Output Current, |), (per output) 6... eee -350 mA 
Peak Output Current op icc. cis bint yew eb bese ta ee ea end - 500 mA 
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CURRENT-SOURCING APPLICATIONS 


INCANDESCENT LAMP 
DRIVER APPLICATIONS 


Driving multiplexed incandescent lamps at voltages up to 
75 V with peak currents approaching 500 mA per segment, Series 
UDN2980A eight-channel source drivers, when combined with Type 
ULN2069B sink drivers, provide for a very cost-effective approach. 
Multiplexed lamps must typically be operated at a voltage VN (N = the 
number of digits) times the nominal d-c voltage, to obtain sufficient 
brightness. For example, a four-digit, 28 V display requires 56 V to 
operate satisfactorily. In addition, care must be taken to select a proper 
driver to withstand the substantial inrush currents created by cold fila- 
ments. Peak currents of up to ten times the nominal operating currents 
have been observed. Multiplexed lamps must also incorporate diodes to 
prevent series /parallel paths to unaddressed elements. 


RECOMMENDED MAX. OPERATING CONDITIONS 
Supply Voltage Range, V. 


UDN2981A and UDN2982A ...... 0.0.00. 5V to 45 V 
UDN2983A and UDN2984A .... 0. eee 35 Vto 75 V 
Continuous Output Current, |,.,, (per output) .. 2.2.22... eee. -350 mA 
Peak Output Current, lop - 6. cect teeta -500 mA 
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CURRENT-SOURCING APPLICATIONS 


MULTI-CHANNEL INTERFACE 
TO HIGH-POWER LOADS 


Source drivers can be employed as multi-channel pre-drivers 
for discrete high-current or high-voltage semiconductors, thus reducing 
the need for many discrete components. For instance, a UDN2580A 
8-channel source driver can provide up to 350 mA of pre-drive current 
into the base of power NPN devices, making 5 A load currents readily 
available. Higher load currents can be obtained by using power NPN 
Darlington devices. 


For a-c loads. it is possible to use a source driver to provide 
gate current (with appropriate current-limiting) to a power SCR or triac. 
This scheme can provide an economical solution to many applications 
such as driving incandescent lamps or a-c motors at up to 20 A. 


DRIVER FOR HIGH-POWER DISCRETE DEVICES 
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APPLICATIONS 


INFORMATION 


EXPANDING THE FRONTIERS OF 
IC INTERFACE FOR ELECTRONIC DISPLAYS 


INTRODUCTION 


The original monolithic high-voltage/high-current power drivers 
(Series UHP500) were capable of sustaining 100 V and sinking load 
currents of 250 mA on each of four outputs. That 1970 peripheral driver 
capability has since been expanded and improved on to solve many of 
the most difficult display interfaces. Newer devices are rated for opera- 
tion to 130 V, sourcing or sinking to 1.5 A, and as many as eight drivers 
per package (not all together) with inputs for TTL. Schottky TTL, DTL, 
CMOS, and PMOS. 


LAMP (INCANDESCENT) INTERFACE 


Utilizing marketing inputs that related to existing hybrid interface 
circuits, a group designed and manufactured monolithic ICs which 
initially were largely used for aircraft indicator lamp interface. Although 
not widely known, these quad driver units were developed quite inde- 
pendently (and simultaneously) to the ubiquitous T! 75451 series of 
high-speed, low-voltage peripheral drivers. A concentration upon circuit 
design factors, improvements in DIP packaging (copper alloy lead 
frames), and tighter, tougher control of diffusion-related parameters has 
allowed the manufacture of quad power drivers rather than the dual 
Dwg. No. A-9869 mini-DIPs offered by TI. 


An increased awareness for improvements in reliability and space 
and power reductions provided a rather successful military market for 
lamp and relay interface; early success was evident in military aircraft 
indicator lamp interface, a tough application for TTL type ICs due to 
severe inrush currents resulting in secondary breakdown during “turn 
on”. The increased current sinking capability of the peripheral power 
driver ICs offers a solution to lamp interface that usually obviates the 
need for “warming” resistors (across the output) which slightly warm the 
lamp filament and thus minimize problems associated with cold lamp 
filaments. 


The high current-sinking capability of these ICs allow such loads as 
the #327 or #387 lamps to be driven without difficulty of secondary 
breakdown. The device beta will usually not allow sinking of the 10 to 
13 times (nominal value) inrush current of cold lamps; but the lamp 
rapidly reaches a current level within the device cutput limitations 
(Figure 2 shows current as a function of time for a single #327 lamp). 
Sustaining this instantaneous inrush current and its peak power has 
been a key element in the success of many lamp interface circuits. 


GAS DISCHARGE DISPLAY ICs 


Early in 1972, the first high-voltage IC designed for gas discharge 
displays—a five channel, 130 V unit for cathode (segment) interface 
Dwg. No. A-9866 was produced. Subsequently, other circuits, both cathode and anode 
drivers, were produced; most of which were used in calculator applica- 
tions with the Burroughs Panaplex® Il. 


FIGURE I Through a collaborative effort begun late in 1973 with Burroughs 
Corp. a newer, more efficient interface scheme evolved. Featured in 
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“Electronic Displays '75,” this series of 
monolithic IC interface devices for the high- 
voltage gas discharge panels has been one of 
the trailblazers in the world of display inter- 
face ICs. intended for use in multiplexed 
display systems, these ICs present one of the 
easiest and least expensive solutions to a 
difficult interface problem. A combination of 
high-voltage bipolar techniques with thin-film 
resistor technology (circuit resistors sputtered 
over the IC dielectric) has provided both digit 
(anode) and segment (cathode) interface. 
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FIGURE 2 


To facilitate a minimum component 
interface, a split supply (+100 V) is employed 
to allow dc level-shifting (rather than capaci- 
tors or >200 V transistors) and both digit and 
segment drivers incorporate all pull-up, pull- 
down, current limiting, off-bias reference, etc. 
which were formerly required in discrete and/ 
or hybrid systems. With the combination of 
the digit and segment drivers (each capable 
of withstanding 120 V), the split power supply 
approach affords PN diode IC technology 
suitable for driving a display usually requiring 
a 180 V minimum ionization voltage (equiva- 
lent to +90 V in the split system). 


The use of the Series UDN6100/7100A 
gas discharge display drivers shows the need 
for only two monolithic ICs for displays of up 
to eight digits and eight segments as shown 


in Figure 3. Systems requiring digit or segment counts greater than 
eight employ additional driver |Cs. The UDN7180A device, for reasons 
of package power dissipation and/or dissimilar segment currents 
(certain 14 or 16 segment alphanumeric panels) uses external, discrete 
current-limiting resistors. 


Higher current applications are difficult for both programmable 
current and switching type display drivers. Segment currents beyond 
2.5 or 3 mA present package power dissipation limitations to most dual 
in-line packages. By using external resistors, the UDN7180A driver 
allows segment currents of up to 14 mA. 


The transistor switch with current-limiting resistor scheme used in 
these gas discharge display drivers also minimizes problems associ- 
ated with gas panel arcing which can destroy programmable current 
circuits. Some of the gas display manufacturers recommend the use 
of series resistors in each segment line to prevent destruction to the 
semiconductor interface circuit should such a panel arc occur. Without 
these series resistors (internal thin-film resistors in these devices) the 
IC can be destroyed by the high voltage and resulting high current 
should the panel voltage drop to a very-low level during an arc. 
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FIGURE 3 
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LED INTERFACE 


With the obvious abundance and variety 
of LED interface integrated circuits it would 
seem unlikely that there are still systems in 
search of an IC hardware solution to further 
minimize cost, component count, space, etc.; 
but this is definitely the case. The deficiencies 
are chiefly related to the limited number of 
current-sourcing circuits and/or high-current 
drivers. 


The efficiency of LED displays has 
improved, but with the larger digits (up to 1" 
presently) most of the IC drivers are unable to 
switch the higher currents required in multi- 
plexed systems. The rule-of-thumb generally 
applied uses the suggested dc current— 
multiplied by the number of digits in the 
display. For example, a multiplexed display of 
160 mA peak current will give approximately 
the same light intensity output as a steady 
20 mA in each of eight digits. Of particular 
difficulty is the switching of currents associ- 
ated with the lower efficiency yellow and 
green LEDs. Completely monolithic integrated 
circuit solutions are available for applications 
requiring segment currents (source drivers) of 
350 mA and digit currents (sink drivers) of up 
to 4 amperes! 


Many of the ICs used in high-current 
LED applications were originally designed 
for use with electro-mechanical loads (relays, 
solenoids, motors, etc.) although the high- 
voltage ratings of the drivers are obviously 
not a concern. A combination of high-current, 
high-voltage Darlington drivers is shown in 
Figure 4. 


The ULN2074B source driver is utilized 
as a modified emitter-follower. Through the 
use of discrete diodes in the common collec- 
tor line, allowing the base to be switched to a 
potential higher than the collector, it is then 
possible to obtain a saturated output. This 
prevents the usual emitter-follower problems 
associated with gain, the MOS output imped- 
ance, and power. It is also possible to now 
better define the voltage at the emitter output 
and to then provide suitable segment current- 
limiting resistors for the LEDs. 
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FIGURE 4 


An eight-channel source driver is shown as a digit switch for 
common anode LEDs in Figure 5. The Series UDN2980A drivers will 
handle output currents to a maximum of 500 mA. Two basic versions of 
the driver will allow interface from TTL, Schottky TTL, DTL, PMOS, and 
CMOS levels. 


A common-cathode LED configuration is shown in Figure 6 for 
currents of up to 1.5 A per digit. A Series UDN2°80A source driver 
is used to switch the segment side, the ULN2064B or ULN2074B to 
switch the digit side. As has been shown with Figure 4, the IC package 
power dissipation must be considered with high-current applications. 


The three examples that have been shown for LED interface 
represent only a very-small portion of the total applications area. The 
high-current capabilities and high gain of the drivers represent potential 
solutions to many difficult LED display systems—-alphanumeric, seven- 
segment, or matrix; common-cathode or commo1-anode; continuous or 
multiplexed. 
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FIGURE 5 


AC PLASMA DISPLAY INTERFACE 


Plasma displays, such as those manufactured by National Electron- 


ics/NCR (USA) and NEC or Fujitsu (Japan), all have one common 
element with their gas discharge cousin—both types use a neon gas 
mixture. The plasma panels emit an orange glow when switched at 
rather high frequencies, and light output intensity is a function of 
frequency. The ac term for the plasma display is something of a misno- 
mer since these panels actually operate from a toggled dc supply 
(usually in the area of 20 kHz). 


The panel is basically a neon-filled capacitor, and has plates 
(electrodes) which are covered with the dielectric—between which is 
the neon mixture. Switching this capacitive load presents a problem 
with high peak currents in addition to the older problem of the high 


voltages which are associated with gas displays. Drive circuits use sup- 


ply voltages of 150 to 260 V (depending on unipolar or bipolar drive), 
and the semiconductors used must switch instantaneous currents in 
the order of several hundred milliamperes for the larger displays. 
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Several high-voltage, high-current arrays 
can provide an answer to one side of the 
ac plasma display interface. The ULN7003A 
Darlington power driver is rated at 150 V. It is 
able to handle the application shown in Figure 
7 (a basic dc, non-multiplexed clock interface 
rather than a more complex multiplexed 
system). 


The high-current diodes that are internal 
to the arrays are utilized in the unipolar drive 
scheme connected to a suitable OFF refer- 
ence. In one POS application, a set of 14 
ULN7003A Darlington drivers replace more 
than 400 discrete components. The cost and 
space savings in such a machine are consid- 
erable, and a very complex printed wiring 
board was greatly simplified. 
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FIGURE 6 


Further improvements in interface and plasma displays will no 
doubt evolve, and thus benefit all concerned— display and interface 
vendor along with the end user. Plasma displays are well-suited to 
custom panels (particularly those with various sizes of characters) and 
with improvements in IC breakdown voltages some further simplification 
of interface should evolve. 


FLUORESCENT DISPLAY INTERFACE 


Although the vast majority of fluorescent displays are directly driven 
from MOS logic (handheld and low-cost desk caiculators), there is an 
emerging need for interface integrated circuits for use with the larger 
characters (higher currents) and the higher voltages coming into use. 
These blue-green display panels originated in Japan, and the manufac- 
turers are quite aggressively pursuing markets such as POS systems, 
clocks, cash registers, appliances, automotive displays, etc. Larger and/ 
or more complex styles are being made, including displays with alpha- 
numeric capability (a starburst 14 or 16-segment pattern). 


Modest voltage capability (60 or 70 volts) is all that is required of a 
semiconductor device to drive these panels, and the currents are in 20 


Dwg. No. B-1363 


to 30 mA region. These electrical require- 
ments are well within the capability of many 
gas discharge digit drivers. 


The UDN6118A device is designed 
specifically for use with fluorescent displays 
and includes internal pull-down resistors so 
that up to eight segments and eight digits will 
require only two packages and a greatly 
simplified power supply (Figure 8). The 
UDN6118A driver is compatible with TTL, 
Schottky TTL, DTL, and 5 volt CMOS. 


The future of fluorescent displays look 
rather strong, particularly if competition further 
reduces prices. For the moment at least, 
these displays will not seriously tax the 
capability of IC interface. 
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HOT WIRE READOUTS 


Although hot wire readouts could easily be placed in the incandes- 
cent category, their application in multidigit, multiplexed display systems 
more closely resembles LED circuit operation. Since hot wire displays 
will conduct current in either direction, isolation diodes are required to 
prevent sneak paths from partially turning ON unaddressed segments. 
Compare the typical hot wire display of Figure 9 with the LED display of 
Figure 5. The availability of a suitable, inexpensive diode array would 
be of considerable asset in multiplexed hot wire systems. 


The hot wire readouts are available in both seven-segment and 
alphanumeric (16-segment) versions and are quite well-suited to high 
ambient light applications. They do not wash out in sunlight, although 
their reliability diminishes with the higher currents required in brightly 
lighted applications. As described, multiplexed schemes can be cum- 
bersome because of the great number of discrete diodes required. One 
avionics system using a 16-character, 16-segment alphanumeric panel 
required 256 discrete diodes. 


SUMMARY 


The phenomenal growth in display 
technology has largely come as a result 
of the electronic calculator, and electronic 
displays will pervade all our lives in an 
ever-increasing number of products. 
The use of digital displays in appliances, 
gasoline pumps, electronic games (even 
pinball machines), etc., etc., will also require 
that a continuing evolution on interface 
integrated circuits meet the challenges 
of higher brightness, increased currents, 
improved reliability, and lower system costs. 
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FIGURE 8 
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FIGURE 9 
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INFORMATION 


TRENDS IN IC INTERFACE 
FOR ELECTRONIC DISPLAYS 


Display technology was truly set into high gear by the explosion of 
the electronic calculator business. Expansion at a phenomenal pace 
continues, encompassing a multitude of products, particularly high- 
volume consumer products (calculators, clocks, games, and watches). 
Recently, further stimulated by the “microprocessor revolution,” with its 
far-reaching effects. and the resulting changeover to solid state design 
from electromechanical, mechanical, fluidic, or electrical systems, the 
vistas for displays have expanded well beyond the horizon. Products 
have been and are being developed, using microprocessors and 
displays, that never previously existed. 


To augment this microprocessor revolution, semiconductor 
manufacturers are developing many new interface circuits useful with 
displays, although some of these will not be exclusively for display 
systems. To accomplish this, the present boundaries of device design, 
process, packaging. and electrical parameters will require continual 
extension and expansion. 


DISPLAY BUFFERS 


A continuing evolution of standard interface ICs is needed to buffer 
low-level logic from high-voltage and/or high-current loads. Some of this 
buffer development will serve display systems. Since there already is 
a broad assortment of buffers (particularly for low-to medium-current 
LED applications), the ongoing development in simple or low-order 
interface will mainly concentrate upon further reduction in discrete 
component count. package improvement (particularly for high-current/ 
high-power devices), improvements in device current, voltage, switch- 
ing speed, and greater reliability. 


Figures 1. 2, and 3 show some interface ICs that represent buffer 
circuits, other vendors supply similar, or identical, high-current or high- 
voltage buffers to allow operation of displays from low-level logic. Two 
basic changes have occurred relatively recently: 


1. Greater use of 18-pin DIPs for eight driver channels 
(Source Driver, Figure 2). 


2. Creation of sourcing functions (Figures 2 and 3; useful for LED, 
gas-discharge. vacuum fluorescent. incandescent, and electro- 
magnetic displays, depending upon device ratings). While further 
buffer designs are needed (particularly in high-current (>2 A) 
and high-voltage (>100 V) circuits), the main emphasis will be 
toward the incorporation of logic and control circuitry with output 
buffers. 


COMPLEX INTERFACE 


Paralleling (though lagging) the microprocessor LSI revolution is 
the area of greatest future for IC display circuits: The need for complex, 
smart or high-order interface. This will be MSI to LSI logic (with perhaps 
some linear functions) combined with suitable output buffers. 
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Display interface ICs (similar to the MOS 1/O control chips), both 
custom and standard product, are becoming available in this category. 
High-volume applications may justify custom ICs, but the more general 
trend will be toward standard, off-the-shelf designs— chiefly due to the 
high costs of developing custom ICs. 


The higher voltage displays (gas-discharge, vacuum fluorescent, 
ac plasma, and dc electroluminescent) may share some circuits 
(if appropriately planned and designed), particularly in the area of 
matrix displays. It is difficult to imagine, however, much commonality 
between high-current LEDs, high-voltage gas-discharge or ac plasma, 
and low-power LCDs, although they should share considerably the 
development of cellullar CAD circuit designs. Basic shift registers, 
latches and decoders do have considerable commonality. 


In Figure 4 is a pinout and logic diagram of a BIMOS device 
combining logic and output drive. Although not expressly intended 
for display applications, this BIMOS (CMOS logic and bipolar outputs) 
IC has a great deal of utility to engineers working with lower voltages 
and high currents (LEDs, incandescent and electromagnetic displays). 
Type UCN5801A is a parallel-in/parallel-out unit composed of eight ‘D’ 
latches and eight 350 mA/50 V bipolar Darlington outputs. 


More recently, serial-in/parallel-out BIMOS interface ICs have been 
designed expressly for use with vacuum fluorescent displays. Figure 5 
shows the UCN5810A 10-bit serial-in/parallel-out interface for use with 
VF displays; the use of serial data allows 10 output lines, data in and 
data out in a standard 18-lead DIP. It makes possible both fewer IC 
packages and simpler PC board wiring, although it is slower than a 
parallel data approach. It uses only a single pin of the 1/O ports. 


A slightly more recent design for vacuum fluorescent displays is the 
UCN5815A. This is a 22-lead, 8-bit paraillel-in/parallel-out BIMOS unit. 
The unit may have data inputs and a strobe bus (see Figure 6). The 
chip enable/blanking pin provides control of VF buffers. A power-on- 
clear is internally incorporated. 


Tn | 
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FOR ELECTRONIC DISPLAY 


DEVICE TECHNOLOGIES 


With the exception of LCD displays 
(which at least until recently have been 
largely, if not entirely, driven by MOS) the 
display and interface technologies in high- 
volume use are mainly associated with bipolar 
semiconductors. Early display interface ICs 
(particularly devices such as the 7447 and 
7448) were aimed at LED technology and 
represent MSI with modest output capability. 
The increasing use of higher voltage displays, 
multiplexed high-current applications, and the 
need for greater circuit complexity and low pin 
count will dictate other technologies, such as 
I?L, BIMOS, CMOS/DMOS, and possibly 
DMOS. 


STANDARD BIPOLAR 


Standard bipolar technology, iong asso- 
ciated with TTL or linears (early op amps). 
appears very limited in scope for the future. 
Circuit density and supply power require- 
ments will dictate other processes for func- 
tions beyond the simple MSI level. The 
advantages of standard bipolar ICs appear 
to be in the areas of simple high-current, 
high-power, or high-voltage interface. In par- 
ticular, applications requiring the combination 
of high voltages (2100 V) or multiple high- 
current outputs (22 A) will restrict the logic/ 
control circuitry to a low level. Cost, chip size. 
and package power dissipation will restrict 
this circuitry largely to versatile, simple 
buffers. 

PL 

Anticipated to increase significantly is 
the use of I°L for systems of fow-to-modest 
voltages (LEDs through VF). The present 
limits of [@L appear to be limited to applica- 
tions below the 50- to 60-volt level. {°L, with 
its combination of circuit density, low power 
and reasonable switching speeds should 
make a fine match for LEDs or other low- 
voltage display applications. For higher 
voltages (>25 or 30 V), prospects the penalty 
of reduced circuit density may diminish its 
cost effectiveness. Some increase in standoff 
voltage may be afforded by the uses of cas- 
caded output transistors or process improve- 
ments, thus reducing the need to sacrifice 
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logic density. Without a standard I?L logic family, the main market 
penetration would appear to be custom designs although there is a 
definite opportunity for standard interface for lower voltage applications, 
particularly LEDs and vacuum fluorescent. 


BiMOS 


BiMOS, a combination of CMOS and bipolar for interface ICs, 
seems to fit a technology niche of higher breakdown voltages than IL, 
especially where logic power and supply voitage range (5 to 15 V) is 
important. Other BIMOS or BiFET ICs which are presently on the 
market, are largely related to operational amplifiers, although other 
uses, such as the Series UCN5800 application of BIMOS to interface, 
are emerging. 


Currently, it is feasible to design and manufacture BIMOS interface 
with breakdown voltages in the 80 to 100 V range. With additional time 
and greater concentration on increasing breakdown voltage, it appears 
that higher voltages (2150 V) for output buffers could be obtained. 

By obtaining breakdowns in the 120 V to 160 V range, BIMOS then 
becomes a viable IC technology for interface for the higher voltage 
displays: dc gas-discharge with +100 to +130 V and glow transfer or dc 
electroluminescent (DCEL) opportunities with a range of 120-150 volts. 


Switching speeds and output configurations (active pull-down or 
resistive) are critical to matrix displays with large 1umbers of drive lines. 
Adding active pull-down or pull-up will tend to increase chip size (and 
cost), thus adding to the potential overall difficulty of BIMOS with its 
greater process complexity and slightly longer manufacturing cycle. 
This does appear to be a very key technology for the near future. Its 
product niche will include applications requiring 69 to 100 V (or more) 
breakdowns, low-power logic, wide supply range, modest speeds, and 
MSI to small LSI. 


CMOS/DMOS 


CMOS/DMOS display interface appears to be intended for much of 
the same display market as BIMOS. Product information now available 
indicates 60 to 100 V breakdown (DMOS outputs), CMOS logic, low-to- 
modest output currents (<25 mA), and logic speeds to 4 MHz. Designs 
now being promoted are targeted toward ac plasma and vacuum 
fluorescent panels. 


Two apparent disadvantages now appear to exist: 


1. Logic operates from 12 V +10% (may be done to provide 
maximum speed). 


2. Output drive current is insufficient for high-current displays 
(without 100 mA, or more, the larger matrix panels will use 
discretes or another technology). 


These shortcomings may be modified with time, although it is 
doubtful if 500 mA to 1A DMOS ouputs are practical. 


APPLICATIONS 


INFORMATION 


3-PHASE BRUSHLESS DC 
MOTOR CONTROLLER/DRIVER 


Three-phase brushless dc motors are especially useful because 
they have no brushes to make noise, dust, or wear out. The brushes of 
a conventional motor have been replaced by position sensors, usually 
Hall effect or optical devices. These sensors detect the rotor position 
with respect to the stator windings. This information is used to drive the 
windings in a sequence synchronized with the rotor position, called 
commutation. To use a three-phase brushless motor usually requires 
custom ICs to perform the commutation, and discretes for drivers. 
Then, to control the motor current, and with it speed and torque, 
requires pulse width modulation circuitry. All this adds up to many 
components and an expensive solution. 


Now, due to progress in integrated power technology, all of the 
functions needed to drive three phase brushless motors can be per- 
formed by one chip. The UDN2936W incorporates Hall effect sensor 
anoe sad decoding logic, power outputs capable of driving 2 A continuous at 
OUTPUT ze 45 V, PWM current limiting. direction control, dynamic braking, and 

a ae: integrated protection features. This device can be used to provide a 
simple, inexpensive. and reliable solution to the problem of driving 
brushless de motors. 

Shapes ok ae ae OVERALL CHIP STRUCTURE 


FL. 


The UDN2936W is made up of five sections, namely the commu- 
tation logic, output drivers, current limiting, direction and braking, and 


Dwg. No A146 186 thermal shutdown. All logic and power functions utilize only bipolar 
processing, which allows for high power with an efficient use of die 
FIGURE 1 Broa. 


MOTOR COMMUTATION 


In a three-phase motor, winding current must be synchronized to 
rotor position to run the motor efficiently, i.e., with unidirectional torque. 
Hall effect sensors detect rotor position, which must be decoded to 
drive the coils in the proper sequence. Hall effect sensors produce low 
level differential analog outputs. Today's Hall effect ICs amplify this 
signal to make it easier to use. These Hall effect ICs produce either 
large signal ac linear waveforms, or open collector digital signals. The 
UDN2936W is compatible with both types of Hall effect ICs. 


Position of the Hall effect sensors determines the decoding se- 
quence to produce the correct driving waveforms for each motor. The 
decoding sequence programmed into this device is based on Hall effect 
cells 60 electrical degrees apart. This 60 degree sequence is one of the 
most common used in the industry. The truth table and timing wave- 
forms found in Figure 1 illustrate how the Hall cell inputs, driving output 
waveforms, and motor currents states are interrelated. Motors with 
other commutation sequences can typically be accommodated by 
inverting one of the position inputs. 


Dwg. No. A-14.t47 


FIGURE 2 
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CHOPPING 
CURRENT CONTROL 


The current limit technique chops the 
source drivers to control the load current level. 
The maximum current and percentage ripple, 
or hysteresis, can be programmed by the user 
or left to internal default values. Source 
chopping produces a continuous sense 
voltage (see Figure 2), so this voltage is an 
accurate representation of load current, even 
during recirculation. Also, chopping only the 
sources produces a fast current charge-up 
and a slower current decay. This occurs 
because of the different voltages across the 
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coil in both states, and results in a controllable current waveform. The 
chopping method functions as follows: When the current reaches lL a., 
the source is disabled and the current recirculates through a sink driver 
and aclamp diode. The motor current decays a fixed percentage, the 
source is enabled again, and the cycle repeats. The internal sense 
voltage comparator has a limited bandwidth that essentially filters out 
noise on the sense pin to prevent erroneous chopping. 


The limiting current level and hysteresis are determined by the user 
or left to internal defaults. Figure 3 illustrates these values in a typical 
output current waveform. A voltage divider on the V,,, pin sets the 
external V,.,. If set above 3 V, the internal V,,, is used. Whether V,., 
is set internally or externally, V,.,/10 is the trip threshold on V.-vse- The 
default trip can be programmed ‘by: 


| 0.3 V 


R 


$ 


TRIP — 


Default hysteresis is set at 7.5%. For a V,,,, <3 V, the trip threshold 
is the following: 


TRIP =V ner 


10 R, 


In this case, hysteresis is created by drawing 200 1A from the 
resistor divider when the sources are chopped, lowering the trip 
theshold a certain percentage. The sources turn back when the sense 
voltage decays to the new lower threshold. Hystersis is given by this 
expression: 


Yhys = 100 (200 uA* RF.) 
Vp 
The graphs in Figure 5 aid in selecting values for R,, and R,. 


The internal and external current limit settings can be used together 
to start a motor with a high regulated current, and run it at a lower regu- 
lated current. To do this, V,,., must be tied above 3 V when the motor 
starts, and the V,,.. divider switched in after stari-up (see Figure 6). 


OUTPUTS 


The output section consists of three half-bricdges capable of sourc- 
ing or sinking 2 A continuously at a saturation voltage of less than 
2 V per driver. They are built to sustain at least 45 V. Source and sink 
clamp diodes are included to provide a current path during commuation 
and chopping. These are high-performance substrate isolated diodes 
that virtually eliminate the wasteful parasitic substrate currents of 
conventional diodes. The drivers, both source and sink, are bipolar 
double level metal Darlingtons. 


REF 


DIRECTION AND BRAKING 


The direction control allows the motor to be ‘eversed even while 
running. When direction changes polarity, the state of the outputs is 
reversed, i.e., if the source was ON, the sink will turn ON, and vice 
versa. Because the turn off times are longer than the turn on times, the 
drivers turning ON must be delayed by a precise amount to prevent 
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potentially destructive crossover currents. 
This delay is generated internally. 


The brake function uses the back EMF of 
the motor to brake it dynamically. The wind- 
ings are effectively ‘shorted’ together through 
sink drivers and clamp diodes. 


THERMAL SHUTDOWN AND 
POWER DISSIPATION 


The thermal shutdown feature protects 
the IC from overheating. This circuit turns 
OFF all drivers at about 165°C, and allows 
the device to cool down approximately 25° 
before turning ON again. 


The device is packaged in a 12-pin power 
SIP that has a large copper tab for excellent 
heat dissipation. The design of the tab, and 
the fact that it is at ground, make the package 
easy to use with a heat sink. The maximum 
allowable power dissipation in 25°C ambient 
air without a heat sink is 5.2 W. With minimal! 
heat sinking, dissipation greater than 10 W 
can be accomplished. 


APPLICATION 


The application shown in Figure 7 is 
a simple one illustrating the use of the 
UDN2936W in an open-loop situation with 
bilevel current limiting. The motor uses 
digital open-collector Hall cells such as the 
UGN3113U or linear Hall effect ICs such as 
the UGN3503U. These Hall effect sensors 
have a quiescent output voltage of 2.5 V, and 
emitter follower outputs. The UDN2936W has 
a regulated internal 2.5 V reference designed 
to make the inputs compatible with those 
linear Hall effect sensors. The 5 V supply 
is also used as a reference in the current 
limiting for the V,,.. resistor divider. Choosing 
R, = 0.15 ohms results in internal default trip 
current of 2 A, and 7.5% ripple. This internal 
limiting is active when Q1 is OFF. R1 and R2 
form a resistor divider, when Q1 is ON, to 
apply 1 V to the V,... input, producing 0.67 A 
of regulated running current and 5% ripple. 
Typically, Q1 would be OFF during start-up, 
giving 2 A of regulated start-up current, and 
then turned ON to provide 0.67 A of running 
current. The values of R,. R,, and V....- can 
be calculated using the circuit and equations 
of Figure 5, or the tables of Figure 6. 
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The motor speed is controlled by the current limiting. For a given 
load, speed is proportional to torque, and torque is proportional to motor 
current. Subsequently, the motor speed can be controlled through V.,,... 


CONCLUSION 


Smart power integrated circuits have come a long way in the 
past few years in solving numerous motor driving problems. The 
UDN2936W is one example of how integrated monolithic devices can 
replace a drive circuit of many components with one reliable compo- 
nent. Also evident is the fact that bipolar transistors continue to provide 
economic solutions in the high current application. 
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APPLICATIONS 


INFORMATION 


POWER OP AMP APPLICATIONS 


INTRODUCTION 
Monolithic power operational amplifiers power capability. Single power op amp drivers are furnished in power- 
meet many high-current design challenges. tab TO-220 packages (ULN37512Z). Dual units are supplied in 12-pin 


The Series ULN3750 high-gain, high-current single in-line packages (ULN3755W) and in low-cost standard DIPs 
operational amplifiers are used in power-driver with heat-sink tabs (ULN3755B). 
applications such as servo-positioning sys- 


tems (e.g., voice-coil motors for disk drives), BRUTE FORCE AND SMALL SIGNALS 

dc motors, single-phase and multi-phase — Both classical smali-signal op amps and brute-force boosters must 
POOtOr Onve crus net equa orsne ain possess two attributes: they must have true differential (inverting and 
many other applications that, in the past, have noninverting) inputs. Second, to minimize errors and drifts in closed- 
required power buffers driven by conventional —_Iggp configurations, they must have high open-loop gain. Frosting-on- 
operational amplifiers. the-cake includes low offset voltage and drift, unity-gain stability, high 


output swing, large common-mode input range, high common-mode 


Linear motor drivers will inherently pro- rejection, short-circuit protection, and a thermal-shutdown feature. 


duce lower electrical noise levels than their 


fast-switching digital counterparts. Linear The Series ULN3750 offers all these features, and more. Consider 
position servos usually achieve substantially the input section. The circuit is a classic op amp input stage found, for 
higher resolution and are capable of faster example, in many operational amplifiers with little power-handling 
response than digitally controlled stepper capacity. The use of PNP input transistors allows the application of 
motors. Series ULN3750 offers increased input voltages ranging from about 0.5 V below ground to approximately 
output-voitage swing and high output-current three base-emitter drops below the positive supply voltage. The ability 
drive, high gain as well as unity-gain stability to use ground-level input voltages is an important consideration. It 
and the capability to sense load currents with- allows the op amp to be easily operated from a single supply, where 
es of the usual level-shifting or sense the input source is often referenced to ground. 

itry. 

; a : ; : The two capacitors shown in the input-circuit schematic provide 

The operational amplifiers in this family compensation with adequate phase-gain margins to allow operation 
of ICs provide peak push-pull output currents for closed-loop gains as low as 1. Note the graph of the amplifier's 
as high as +3.5 A, making them suitable for gain and phase characteristics as functions of frequency (noninverting 
applications in which both current sourcing test circuit, A, = 1000). It exhibits a smooth, 6 dB per octave rolloff to 
and current sinking are needed. Illustrated in frequencies as high as 1 MHz, and an approximate 20° phase margin 


the examples that follow, some of the op amps ay unity gain. 
allow a very high output swing. They also pro- 


vide overload and thermal protection under a In the amplifier's output stage, the output transistors are completely 
variety of fault conditions. protected from inductive kickback voltages by clamping diodes built into 
: 2 the chip. The clamp diodes are capable of handling currents equal to 
Attention to thermal design in IC layout the rated capacity of the output sink/source transistors. The output 
has minimized temperature-induced degrada- transistors are connected in a quasi-complementary configuration. The 


tion of parameters while maximizing output- 
SERIES ULN3750 POWER OP AMPS 
Peak Short-Circuit | Thermal Functional 
Device Type | Current Output Protection Protect Supply Span 
ULN3751Z 3.5A 


ULN3755W 3.5A 6 V to 40 V 
ULN3755B : 6 V to 30 V 


Some of the material appearing in this application note. is taken from an article that appeared in the August 22, 1985 issue of EDN magazine 
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POWER OP AMP APPLICATIONS 


INPUT STAGE 


INTERNAL 
COMPENSATION 


STAGES 


Dwg. No. W-115 


GAIN AND PHASE 
CHARACTERISTICS 


OPEN-LOOP GAIN IN dB 
PHASE IN DEGREES. 


FREQUENCY IN Hz 


Dwg. No. W116 


OUTPUT STAGE 


aa 


INPUT L. ens 


Vs OR GROUND SENSE 


Dwg. No. W-117 


3-320 


lower sink transistor can provide output voltages as low as ground plus 
one saturation drop. The current-sense terminals can be used to impart 
a transconductance characteristic to the amplifier, or simply to provide a 
separate power output ground and minimize output-to-input feedback 
through a common ground resistance. 


BOOST TO BOOTSTRAP 


The boost terminal is a unique feature of the ULN3755B and 
ULN3755W. It increases the amplifier’s available output-voltage swing 
by 1 V to 2 V, depending on output current, by allowing the upper 
source transistor to saturate (an impossibility with the usual emitter- 
follower lacking the boost feature). To take advartage of the boost 
capability, use a boost-terminal voltage that is about 3 V higher than 
the positive load supply voltage. The boost function allows the amplifier 
to be bootstrapped in ac applications by its own cutput or by another 
ac output. 


The specifications shown for the ULN3755W apply to operation 
with +6 V supplies, at an ambient temperature of +25°C. Not shown are 
the amplifier’s absolute maximum ratings: 40 V supply span, +3.5 A 
peak repetitive current, and 20 W allowable package power dissipation 
(with 3°C/W heat sink and +25°C ambient). 


The Series ULN3750 currently is comprised of three types. Consid- 
ering allowable package power dissipation ratings, continuous output 
currents to +1 A are recommended for the 16-pin batwing DIPs (suffix 
“B"). Applications with ratings to +2.5 A require the TO-220 or 12-pin 
single in-line power tab packages (suffix “Z” and ‘W” respectively). All 
devices provide thermal shutdown at high junction temperatures. All are 
unity-gain stable. Pin count essentially dictates the features available 
with the various units. 


CAREFUL THERMAL DESIGN 
WRINGS WATTS FROM ICs 


Power ICs are now capable of delivering tens of watts of power. It 
is easy to obtain such power from an IC when the device is mounted in 
a metal can with low thermal resistance. Moreover, it is easy to provide 
heat sinking for such a package. Metal packages. however, are expen- 
sive. The challenge is to develop inexpensive plastic packaging that 
also provides a way to keep junction temperatures at a safe level. 


What's a safe level? At the moment, the prevailing industry stan- 
dard for maximum junction temperature is +150°C. However, using any 
temperature as a reference, an IC's expected life:ime roughly doubles 
for every 10°C reduction in junction temperature. Note, too, that such 
circuit parameters as leakage current suffer signilicant degradation at 
high temperatures. 


The most widely accepted IC package is the dual in-line package 
(DIP). Without special enhancements, though, the standard DIP is 
woefully inefficient for thermal transfer. The package itself provides a 
junction- to-ambient thermal resistance as high as 125°C/W. This figure 
assumes the use of a Kovar lead frame and, since the lead frame is 
the main carrier of heat from the IC to the outside world, changing the 
material to copper reduces the thermal resistance to about 60°C/W. All 
power operational amplifiers have copper lead frames and heat sinks. 


POWER OP AMP APPLICATIONS 


ULN3755W DUAL POWER OP AMP 
TYPICAL ELECTRICAL CHARACTERISTICS, T, = +25°C, T,< +150°C, + Vs =V 
+6V,-V.=-6V (unless otherwise specified). : : 


Characteristic Test Conditions* Typical Value 


J7 BOOST ~ 


No Load 


Input Offset Voltage 


Input Offset Current 


Output Swing 


Common-Mode Rejection 


Limiting the junction temperature to 
+150°C, the 60°C/W figure allows a worst- 
case (still air) package power dissipation of 
1.33 W at +70°C. Unfortunately, this power 
figure is still inadequate for many modern 
power applications. 


HIGH-POWER SIPs 


For high-power applications, power 
ICs use single in-line packages similar to 
the TO-220, universally used for power 
transistors. The 5-pin ULN3751Z uses such a 
package. Its maximum junction-to-tab thermal 
resistance is 4.0°C/W. The ULN3755W dual 
power op amp is housed in a similar, but 
wider, package. Exhibiting 3°C/W maximum 
junction-to-tab thermal resistance, the IC 
can dissipate as much as 26 W ata tab 
temperature of +70°C. 


ISOTHERMAL DESIGN 
CUTS GRADIENTS 


Chip temperatures inevitably rise in high- 
power applications. Even with ideal packag- 
ing, the thermal resistance of the silicon chip 
itself will result in a temperature gradient 
across the chip. In linear circuits such as 
these op amps, the worst effects can arise 
from unequal heating on the chip’s surface. 


It is important to position input transistors 
as far as possible from the heat-generating 
output devices. What is less obvious is the 
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need to arrange the high-gain input stages so as to minimize the effects 
of any temperature differences between them. For example, unequal 
junction temperatures in the amplifier’s input transistors can cause large 
offset-voltage and offset-current shifts. 


As shown in the chip drawing and schematic, cross-coupling of the 
input stages cancels differences in the low-level transistors’ junction 
temperatures. It is also necessary to lay out the stage’s associated 
resistors to minimize temperature gradients. In this case, all input-stage 
resistors are arranged in the same epitaxial tub (and in the same 
direction) to ensure that all resistors are equally affected by the 
unavoidable heating. 


A CASE STUDY 


Note the isothermal lines shown in the chip drawing. Q,, and Q,, 
are at equal temperatures; these two current-mirror transistors must 
have the same base-emitter voltages. It’s a different story, however, for 
Q,, and Q,,. They lie farther away from the power section, and layout 
considerations have made it impossible to keep them at equal tempera- 
tures. The same probiem also exists for Q,, and Q,,. For the purposes 
of illustration, assume that a dissipation-induced temperature rise 
causes the base-emitter voitage of Q,, and Q,, to drop by 3 mV. 
Transistor Q,,, is slightly cooler and suffers a V,, decrease of 2 mV 
while the comparable Q,, drop is only 1.5 mV. Finally, Q,, and Q,, 
exhibit V,. changes of 1 mV and 0.5 mV, respectively. As a result of 
thermal cross-coupling, the V,,. reductions from either input can be 
matched at 2.5 mV. The base-emitter voltage variations as a function 
of temperature thus cancel out. Without this cross-coupling, the total 
change in base-emitter voltage would be 3 mV for the left input stage 
and 2 mV for the right input stage. 
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16-PIN BATWING ‘B’ PACKAGE ISOTHERMAL DESIGN 


CHANGES IN V,,,, WITH TEMPERATURE 


Dwg. No. W-167 


5-PIN TO-220 ‘2? PACKAGE Dwg. No. W-118 


Dwg. No. W-113 


12-PIN SINGLE IN-LINE 
“Ww? PACKAGE 


Dwg. No. W-114 
Dwg. No. W-168 
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CURRENT-SENSE 
TRANSCONDUCTANCE 


The op amps’ current-sense terminals 
can be used to derive a transconductance 
function. This function is commonly used in 
motor control applications such as voice-coil 
servo or microstepping positioning systems 
found in many computer disk drives. The 
drawing at right shows the ULN3755W dual 
amplifier connected as a transconductance 
amplifier. In this example, amplifier B is used 
as a slave to amplifier A. Feedback from 
the pair of current-sensing resistors, Rg. in 
the emitters of the output’s current-sinking 
transistors js applied to the summing network 
and scaled to the inverting input of amplifier 
A, where it is compared to the input voltage. 


The voltage developed across the 
sensing resistors is directly proportional 
to the output current. Using this voltage as 
a feedback source defines the gain of the 
circuit as output current in amperes as a 
function of the input voltage in volts. The 
gain thus assumes the dimensions of a 
transconductance function (output current 
divided by input voltage), expressed in 
siemens (formerly mhos). 


Conventional monolithic power op amps 
can be made to operate in similar configura- 
tions where the current-sensing resistor(s) are 
inserted in the ground (or negative supply) 
return. However, that configuration is not 
recommended, since both the amplifier's 
signal and bias currents now flow through the 
output current sensing resistor(s), causing the 
high-gain signal ground to float. Operating in 
this mode can cause problems with stability 
and common-mode rejection, as well as 
reducing the input common-mode range. The 
dual power op amps in the Series ULN3750. 
however, provide open-emitter outputs that 
can be used to sense current without degra- 
dation of the input characteristics of the high- 
gain stages. 


TRANSCONDUCTANCE AMPLIFIER 


Vs ULN-3755W 
9 _OUAL POWER OP AMP 


fo} 
-Vs OR GROUND 


Dwg. No. W119 


| 


The graphs below illustrate the bidirectional nature of output load 
current (and the same current divided between the two output sink 
returns). 


\,-1, = 1,. The external network sums and amplifies (scales) the 
voltages developed across the current-sensing resistors. The resulting 
feedback voltage (V,) is a scaled, level-shifted version of the load 
current. It is possible. in certain applications, to combine this network 
with the input-feedback network and eliminate the small-signal opera- 
tional amplifier. The negative feedback forces the amplifier to adjust the 
output current to attain a value such that the feedback voltage equals 
the applied input voltage. The transfer function of the transconductance 
amplifier is approximately: 

L(V -V 


LN UN ner) 


= R,/(RRs) 


Resistors R,. R,.. and R, define the transconductance gain. To avoid 
limiting the transconductance amplifiers output compliance (swing 
capability), low-value current-sensing resistors (R,) should be used. 
The product of peak output current and sensing resistance should be 
kept to as low a value as possible. 


i 4 4 Vr 
oO - \- oO 
Dwg. No. W-120 
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Dwg. No, W-121 


BIDIRECTIONAL CURRENT CONTROLLER 


There are many applications requiring 
constant current sources that can be con- 
trolled both in magnitude and direction. 
Examples of this requirement are found in 
some brushless dc motor drives as well as in 
numerous industrial process control systems. 
Both open-loop and closed-loop feedback 
systems are used depending on the specific 
requirements to be met. In any case, there 
exists a voltage directly proportional to the 
desired output current and a control signal or 
switch whose state determines direction. 


The circuit above is a bidirectional 
transconductance amplifier. A voltage, 
proportional to the desired current, is applied 
to both non-inverting inputs of a ULN3755W, 
which is connected in a bridge configuration. 
Current feedback is obtained from current- 
sense resistors (R,, and R,,). The voltage 
developed across the current-sense resistor 
is directly proportional to the load current. 
This sense voltage is applied tc the inverting 
inputs of the amplifiers, as shown, to provide 
negative feedback. The output will adjust until 


the feedback voltage is equal to the programmed input voltage. This 
can be expanded to a switched selector network or the output of a 
servo-control loop. 


The direction of the load current is controlled by a positive bias vol- 
tage applied to either of the inverting inputs. V,, represents the digital 
direction-control voltage. When V, is low, Q, is OFF, allowing D, to 
conduct, driving pin 11 high. This causes the output of amplifier A to be 
driven low. Q, meanwhile, is ON, clamping the anode of D, to ground 
(or to the saturation voltage of Q,). This results in ID, being held OFF 
and allowing active feedback to pin 2 of amplifier B. Amplifier B will then 
source current into the load with amplifier A acting as a current sink. By 
raising V,, to a high level, the output of amplifier B will go low, with 
amplifier A acting as the controlled current source. Resistor values are 
non-critical except to ensure that the inverting input of the switched 
amplifier is held above the programming voltage (V,,,.) applied to its 
non-inverting input. As shown, control voltage V,, is TTL compatible. 


If V,, is the output of a pulse generator, this application will produce 
a time-dependent current reversal. This meets the requirements found, 
for example, in a typical industrial process conirol application where a 
current is passed through a pair of electrodes immersed in a conducting 
fluid. Alternatively, Q, and its drive can be replaced by a latching Hall 
Effect switch for use in brushless de motor applications where current is 
controtied by Rg. 
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DISCRETE CIRCUIT IMPLEMENTATION 


OVs 


FROM POSITION SENSE 
| 


| 
\ 
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pP 
CONTROL 


(r° fs 
% @ 
CONVERTER 0 


SERVO MOTOR 
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DIGITALLY CONTROLLED POSITION SERVO 


In a position-control application, a processing and comparison with the desired position, through a 
microprocessor is often used to control a digitally-based microprocessor system (or its analog equivalent) that 
servomotor’s shaft angle or to control posi- produces an error signal to control the servo amplifiers output. 
tion, as in a computer disk drive. Shown is a cl” . 
typical discrete semiconductor circuit imple- A circuit that uses far fewer components to accomplish the same 
mentation of that concept. The basic configu- position-control function is constructed around the ULN3755W inte- 
ration is a classic one, using two low-power grated circuit. In addition to the original functions, the circuit now 
operational amplifiers, many discrete passive includes thermal and short-circuit protection, as well as component 
components, and four PNP and NPN power matching and thermal tracking inherent to monolithic construction. The 
transistors connected in a push-pull, H-bridge ULN3755W dual power operational amplifier has its two independent 
configuration. outputs connected in a push-puil, H-bridge configuration. An 8-bit D/A 

converter yields a resolution of 256 shaft positions in discrete steps of 

The circuit consists of small-signal input 1.41°. A higher resolution converter would, of course, provide finer 
operational amplifiers and power output control. Because of its push-pull arrangement, the circuit provides 
stages. The circuit derives its input from the bidirectional servo control. 

D/A converter, whose output is determined by ; : ¢ 

a code from the controlling microprocessor The overall resolution of the system is a function of the position- 

and related digital-control circuitry. sensing element. whether a digitally encoded disk or an analog potenti- 
ometer, and the digital control circuitry, including the microprocessor 

The analog equivalent of this servo- and the A/D converter. Tne ULN3755W dual operational amplifier 
control circuit might use a multi-turn potenti- combines the small-signal summing amplifiers, predrivers, and the 
ometer to produce a voltage proportional to output H-bridge. The !C’s outputs also include clamping diodes with 
the servomotor's position. In any event, the current-handling capacity equal to that of the output drivers. 


sensed position signal normally undergoes 
Sa Sa a i a EE a SHEN TTS Ne ML TN Ne 
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DIGITALLY CONTROLLED POSITION SERVO— 
INTEGRATED CIRCUIT IMPLEMENTATION 


FROM POSITION SENSE 


SERVO MOTOR 


IOVER-CURREN 
AND THERMAL 
PROTECTION 


The current-sense pins (4 and 9) provide 
access to the emitters of the H-bridge current 
sinks, thereby providing convenient output- 
current sensing to ground (or to the negative 
rail), while allowing separate low-current 
signal ground returns. This feature helps to 
prevent undesirable feedback to the input 
stage, a common problem with conventional 
approaches to output-current sense. 


If a voltage higher than the supply is 
applied to the ULN3755W boost pins, the 
positive output swing its limited only by the 
saturation resistance of the output transistors 
(typically less than 0.5 Q). For example, with 
a12V supply, the circuit typically supplies a 
10.5 Vpp output swing at 1 A output current. 
This figure is at least 1 V higher than can be 
expected from ICs lacking the boost capabil- 
ity. Note that the externally supplied boost 


Dwg. No. W-123 


voltage should be at least 3 V higher than the load supply voltage. 
This criterion satisfied, the boost voltage can be any value within the 
IC’s 40 V absolute-maximum rating. The circuit shown will deliver 
continuous output currents of up to +2.5 A and peak output currents 
as high as +3.5 A. 


The user must be aware that although the voltage or current limits 
shown are well within the IC's capabilities, the resultant power dissipa- 
tion must be kept within the constraints of the overall (chip + package + 
heatsink) thermal rating. This rating is principally dependent on the 
package chosen and the amount of heat sinking provided by the user. 


The boost feature provides important additional output voltage 
swing at the amplifier's full rated current. However, the IC’s boost input 
requires only a tow. unregulated current of 25 mA, maximum. Thanks 
to this modest current requirement, the boost voltage can be obtained 
from such compact sources as inexpensive, modular dc to de convert- 
ers. Or, in a head-positioning application in a disk drive, for example, a 
simple overwinding in the spindle motor (or a voltage doubler using the 
motor's driven phases) can easily generate such a voltage. 
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ULN-3755W 
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SIMPLE VOLTAGE DOUBLERS FOR OP AMP BOOST 


An example of a simple-to-implement injecting its charge current into the supply mains concurrently with the 
voltage-doubler boost supply is shown above. spindle’s opposing drive currents. Although, in theory, only one motor 
This circuit affects the doubling by connecting phase is needed to generate the boost, the three-phase connection is 
a series diodecapacitor network between the recommended to prevent unbalancing the spindle. 
main supply and each of the spindle motor's ; ; 
driven phases. A three-diode bridge then Below is a similar circuit using a ULN3755W to provide linear drive 
charges the voltage-doubling capacitor to toa delta-connected spindie motor. The use of linear drive instead of 
nearly twice the main supply voltage. Note pulse-width-modulation results in much lower noise with only a slight 
that connecting the capacitor to the main reduction in efficiency. Because fast PWM transitions in the circuit 
supply (instead of to ground) effectively above result in motor losses, the efficiency compromise of the linear 
reduces rms ripple in the main supply by configuration is not as significant as might be expected. 


VOLTAGE-DOUBLER BOOST SUPPLY WITH LINEAR DRIVE 
Vs 


Veoost 
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t 
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ULN-3755W 
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POSITIVE-OUTPUT 
PROGRAMMABLE REGULATOR 


OUTPUT SELECT 


Dwg, No. W126 


POSITIVE-OUTPUT REGULATOR 
WITH SHORT-CIRCUIT LIMITING 


V Vz\1 a 
= ieee 
out = Vz Ry 


3-328 


HIGH-CURRENT REGULATORS 


The high current-output capability of the 
operational amplifiers in Series ULN3750 
makes them suitable for use in linear voltage 
regulators. The amplifiers’ high open-loop 
gain and low offset voltage ensure high 
load regulation and accuracy. Consider, for 
example, the positive-output, programmable 
regulator . The circuit provides output cur- 
rents as high as +3.5 A peak. Unlike most 
monolithic regulators, the ULN3751Z is 
equally effective as a sink or a source. 
Therefore, the circuit maintains regulation 
for active loads that present reversing load 
currents. Note that the circuit easily handles 
transitions from high to low output voltages, 
thanks to the output's sinking capability. The 
input reference is the output of a D/A con- 
verter, providing programmability. An 8-bit 
D/A, for example, provicles for 256 steps of 
output resolution. 


For higher output currents (but without 
the sink capability) the addition of an external 
power transistor provides outputs as high as 
the NPN power transistor's safe operating 
area allows. This circuit is shown using a 
voltage reference such as the popular three- 
terminal TL431. The voltage V_ is determined 
by the ratio of resistors R, and R,, while R, 
provides bias current. T1V¢ circuit can, of 
course, be programmed by substituting the 
D/A reference above. The amplifier's output 
voltage is a function of t1e ratios of R, and R,,. 
The PNP transistor provides short-circuit (I,,) 
current limiting according to the expression 
shown. 


To configure a high- current, duat-output 
supply, a mirror-image circuit can be used. 
Simply connect this stage’s input to the D/A 
converter or voltage reference output. The 
combination of this circLit and the positive 
output regulator provides an accurately 
tracking pair of positive and negative supplies 
from a common reference, whether a pro- 
grammable D/A converter or the simple 
resistor-programmed TL431. Both circuits 
use the ULN3755B with external high-current 
pass transistors. The external devices are 
unnecessary if outout-current loading is less 
than 2.5A 


The previously described boost capability 
can be used to good advantage in these 
regulator circuits. Applying a low-current 
boost voltage at least 3 V higher than the 
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HIGH-CURRENT 
NEGATIVE OUTPUT REGULATOR 


ARTIFICIAL GROUND/SPLIT SUPPLY 


Dwg. No. W-*29 


load supply voltage results in a regulator with 
less than 1 V input-output differential, (depen- 
dent on output current) yielding high efficiency 
from the main supply. The 0.1 02/0.1 uF 
network at the amplifier’s output provides 
local compensation for the output stage. 


A simple split supply can also be devel- 
oped using a single ULN3751Z power op amp 
to generate an artificial ground, as shown 
below. By taking advantage of the device's 
four-quadrant sink/source drive capability, the 
outputs will ratio (rather than track) over a 
wide range of supply voltages and unequal 
load currents. Tota/load current is unre- 
stricted, provided the difference in load 
currents is less than the maximum rated 
current of the power op amp. In addition, the 
allowable package power dissipation rating 
must be greater than the product of the 
amplifiers sourcing current (|, < |,) and the 
source driver voltage (V,) or sinking current 
(1, > 1,) and the sink driver voltage (V,). This 
circuit is also very useful in tracking supplies 
to enhance common-mode supply rejection. 


ICs CONTROL MOTOR SPEED 


Power op amps can be used to provide 
accurate speed control for dc motors. The 
drawing shows a closed-loop system for 
controlling the speed of a 12 V dc motor. The 
circuit provides bidirectional speed control. 
The amplifiers’ push-pull configuration 
ensures a full rail-to-rail voltage swing (minus 
the output stages’ saturation drops) across 
the motor in either direction. 


The circuit uses a mechanically-coupled 
tachometer to provide speed-stabilizing 
feedback to the first amplifier section. The 
motor's speed and direction of rotation is set 
by adjusting the 10 kQ2 potentiometer at the 
amplifier's noninverting input. The motor 
speed, in rpm, is: 


S = Vee (R, + R,)/0.0027 R, 


The R.C, feedback network prevents 
oscillation by compensating for the inherent 
dynamic mechanical lag of the motor. Select 
the R.C,. time constant to match the particular 
motor's characteristics. By consulting with 
individual motor data sheets, the R, and C, 
values can be chosen to match the motor 
response or dynamic time constant. This 
should yield a good starting point for stabiliz- 
ing the system. Optimal response is achieved 
by varying the compensating capacitor. 


serl 
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DC MOTOR SPEED CONTROL 
6V 
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N-PHASE MOTOR DRIVE 


Its high amplification factor and its built-in 
power-output stage make the integrated 
power operational amplifier a convenient 
driver for single-phase or multiphase ac 
motors. The high gain allows one op amp to 
be configured as an oscillator to generate the 
required ac signal. The power-output stage, of 
course, supplies the high-current drive to the 
motor. 


SINGLE-PHASE AC MOTOR DRIVER 


50 50 


Consider, for example, the three motor- 
drive circuits shown here. The first circuit is a 
single-phase driver that uses the ULN3751Z 


single power op amp. The other circuits use 0.33uF 2% O14 ran 

the ULN3755W dual amplifier to drive two- go2K Cc, 4 

phase and three-phase motors. Note that in z R> 

all three circuits, the controlling op amp is 

configured as a Wein-bridge power oscillator. Dwg. No. W-131 


The R,C, and RC, feedback networks 
determine the oscillation frequency according 
to the expression: 400 Hz. The Type 47 incandescent light bulb in the oscillator circuits 
a serve to stabilize the amplifiers output amplitude. The bulb owes its 
f= 1/(2nvR,R,C.C,) stabilization qualities to its intrinsic positive temperature coefficient. 


By varying either R., or R,, the oscillator If the amplifier's output level attempts to increase, the corresponding 
frequency can be adjusted over a narrow increase in lamp current causes a temperature rise in the filament. The 
range. heating, in turn, results in an increase in filament resistance, producing 
increased negative feedback and a reduction in amplifier gain. A PTC 
In the single-phase and two-phase (positive temperature coefficient) resistor could be used instead of the 
examples, the oscillation frequency is 60 Hz. lamp. To set the output amplitude, adjust the 50 &2 potentiometer in the 
In the three-phase example, the frequency is feedback network. 
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TWO-PHASE AC MOTOR DRIVER 


To drive multiphase motors, it’s a rela- 
tively simple matter to add another stage 
to the single-phase circuit. In the 60 Hz, 
two-phase drive, the 8.2 k92/0.33 uF networks 
provide both the 60 Hz oscillator frequency 
and the 90° phase shift needed by the right- 
hand amplifier. The 8.2 kQ/0.005 uF networks 
in the three-phase drive set the 400 Hz oscil- 
lator frequency, while the 8.2 k02/0.022 uF 
networks provide the required 120° of phase 
shift. The motor shown is a three-phase delta- 
connected motor with one input grounded and 
the remaining inputs driven from the 0° and 
120° phase-shifted amplifier outputs. The 
result is a balanced three-phase ac drive. 


In both the two-phase and three-phase 
circuits, the R,/R, ratio sets the second 
amplifiers gain to compensate for signal 
attenuation occurring in the phase shifters. 


Dwg. No, W-132 


0.022 uF 
Dwg. No. W-133 


Again, pins 3 and 10 can be returned to a boost supply to obtain 
additional output-swing capability. 


The three circuits can all be driven from an external source, such 
as a pulse or square wave output of a digital source, setting the gain of 
the left-hand amplifier to a level less than that required for oscillation. 
The RC feedback networks then function as active filters, causing the 
outputs to be sinusoidal. 


UNIVERSAL BUILDING BLOCKS 


Power operational amplifiers provide a fundamental set of universal 
building blocks incorporating the merged equivalent of small-signal 
operational amplifiers, pre-drivers, output amplifiers and various protec- 
tive features such as output clamp diodes, thermal shutdown, and 
output-current limiting. An output-boost capability can provide for high 
output-voltage swing. while an output-current-sensing scheme prevents 
unwanted interaction between the outputs and inputs. Many applica- 
tions that previously required individual low-level and high-level compo- 
nents can now be implemented with a single integrated circuit and few 
external components. 
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INTRODUCTION 


The second generation of merged CMOS/ 
bipolar integrated circuits extends the lead in 
innovative interface forged by the original 
BiMOS power drivers. 


Higher-density CMOS logic gives BIMOS 
ll integrated circuits improved switching 
speeds at reduced costs. With a 5 V supply, 
second generation BiMOS typically operates 
at data input rates above 5 MHz; at 12 V, 
significantly higher speeds are obtainable. 
The BiMOS iI series also offers new and 
improved functions. 


Reliable, single-chip BiMOS II solutions 
are available for a wide variety of peripheral 
and power interface problems. Two or more 
devices are no longer required to interface 
low-level (TTL, CMOS, NMOS, PMOS) LSI or 
microprocessor functions with power loads 
such as LEDs, gas-discharge or vacuum- 
fluorescent displays, relays, solenoids, 
thermal printers, motors, impact printer 
hammers, and incandescent lamps. Since all 
BiMOS devices include logic and control in 
addition to power functions, they also free the 
microprocessor from many housekeeping 
tasks. 
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SERIES 5800 


BiMOS IT POWER DRIVERS 


INCANDESCENT LAMP DRIVERS 


Each of the UCN5800A or UCN5801A open-collector Darlington 
outputs will sink up to 500 mA and will sustain at least 50 V in the OFF 
state. The high peak current rating of these devices allows their use 
with the high inrush (10 x) currents normally associated with incandes- 
cent lamps. Package power limitations normally disallow simultaneous 
and continuous operation of all outputs at the rated maximun current: 
Either a reduction in output current or a suitable combination of duty 
cycle and number of active outputs is usually required. 


The UCN5800A is supplied in a standard 14-lead DIP. The 
UCN5801A is furnished in a 22-lead DIP with 0.400” row spacing. 


RECOMMENDED MAX. OPERATING CONDITIONS 


OutputVoltage=< a ae votes pole ad yea eee se 45 Vv 
Logic Supply Voltage Range..........0..0..00 0000000. 5.0 Vto 12 V 
Continuous Output Current... 0... ee 350 mA 


i] 


yt 
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BiMOS IT POWER DRIVERS 


PLANAR GAS-DISCHARGE DISPLAY DRIVERS 


Combining the high-voltage UCN5810A-1, UCN5812A-1 or 
UCN5818A-1 serial-input, latched source driver with the UCN5823A 
serial-input, latched sink driver provides a simple way to drive multi- 
plexed high-voltage planar gas-discharge displays. 


RECOMMENDED MAX. OPERATING CONDITIONS 


Output Voltage 
UCN5810A-1, UCN5812A-1, UCN5818A-1 
UCN5823A 


Logic Supply Voltage Range 

Continuous Output Current 
UCN5810A-1. UCN5812A-1. UCN5818A-1 
UCN5823A . 


UCN5810A-1 
ANCDE 
DRIVER 


+190 V 


+> SER AL DATA OUT 


wg. No. ©1275 
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VACUUM-FLUORESCENT DISPLAY DRIVERS 


The UCN5815A 8-bit, latched, source driver provides a practical 
means of driving the segments, dots (matrix panel), or bars of multi- 
plexed high-voltage vacuum-fluorescent displays. The UCN5810A 
(10-bit), UCN5812A (20-bit), or UCN5818A (32-bit) serial-input latched 
source drivers are well-suited for use as character or digit drivers. 

The high-voltage versions (suffix-1) can also be used to drive the 
anodes of planar gas-discharge displays. 


RECOMMENDED MAX, OPERATING CONDITIONS 


Output Voltage 
UCN5810A, UCN5812A, UCN5818A 


UCN5810A-1, UCN5812A-1, UCN5818A-1 
Logic Supply Voltage Range 
Continuous Output Current 


PARALLEL DATA IN 


STROBE O 
ENABLE ©@ 


UCN-5B15A 
SEGMENT 
DRIVERS 


VACUUM-FLUORESCENT 
DISPLAY DRIVERS 


BLANKING O- 


+s0vo—l 


UCN-5812A 
CHARACTER DRIVER 


SERIAL 


SERIAL 
DATA OUT 


7 © DATA IN 


LATCHES 
REGISTER 
REGISTER 
LATCHES 


BLANKING O- iy ene 


O STROBE 
par einer ~O CLOCK 
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MULTIPLEXED INCANDESCENT LAMP DRIVERS 


In order to obtain brightness equivalent to normal dc operation, 
multiplexed incandescent displays must be operated at a voltage: 


Exspx = Eb vN 
where Exp, = the recommended operating supply voltage, 
E.. = the rated dc lamp voltage, and 


Zz 
Ul 


the number of digits being multiplexed. 


Multiplexed lamps also require isolation diodes to prevent sneak 
series/parallel paths to unaddressed elements. 


Serial-input, latched source drivers provide simple, compact, 
and economical segment drivers for mutiplexed incandescent lamp 
applications. The UCN5890A and UCN5891A feature high-voltage, 
high-current (500 mA, peak) Darlington outputs. The UCN5895A has 
saturated outputs for minimum voltage drop and will source up to 
250 mA per driver. The drivers are supplied in an economical 16-pin 
“A” package. The UCN5890, UCN5891, and UCN5895 are pin-compat- 
ible except for output ratings. 


RECOMMENDED MAX, OPERATING CONDITIONS 


Output Voltage 
UCN5890A 
UCN5891A 
UCN5895A 
Logic Supply Voltage Range 
Continuous Output Current 
UCN5890A 
UCN5891A 
UCN5895A 
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MULTIPLEXED LED DRIVERS 


Latched source drivers are simple, compact, and economical 
segment drivers for multiplexed LED and incandescent and lamp 
applications. The UCN5895A features saturated outputs for minimum 
voltage drop. It sources a minimum of 120 mA per driver. The source 
driver is supplied in an economical 16-pin ‘A’ package. 


A typical common-cathode LED display driver application is shown 
below. The high-current UCN5821A, a latched sink driver, is used to 
drive the digits. Common-anode LED displays would require the use of 
the UCN5891A source driver and UCN5821A sink driver. 


In order to obtain sufficient brightness, multplexed LED displays 
must typically be operated at greatly increased current. Appropriate 
current limiting is required. 


RECOMMENDED MAX. OPERATING CONDITIONS 


Output Voltage 
UCN5821A 
UCNS890A 
UCN5891A 
UCN5895A 


Logic Supply Voltage Range 
Continuous Output Current 
UCN5821A 
UCN5890A 
UCN5891A 
UCN5895A 


+12V 
UCN-5895A 9 


DATA OUT 
—-~® FOR "8 SEGMENTS 
PER DIGIT 


CLOCK 


DATA INO nt é{14}—4+-—--.-Q OUTFUT ENABLE 
{ACTIVE LOW) 
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BiMOS IT POWER DRIVERS 


THERMAL PRINTHEAD DRIVER 


Designed primarily for use with thermal printheads, the UCN5832A 
is optimized for low output-saturation voltage and high-speed operation. 
Each device has 32 bipolar, open-collector saturated outputs, a CMOS 
data latch for each driver, a 32-bit CMOS shift register, and CMOS 
control circuitry. A CMOS serial data output allows these devices to be 
cascaded in applications requiring more than 32 bits. 


The UCN5832A is supplied in a 40-pin DIP with 0.600" row spac- 
ing. Under normal conditions, all outputs will sustain 100 mA continu- 
ously without derating. They can also be supplied in unpackaged chip 
form or in a leaded chip carrier. 


RECOMMENDED MAX. OPERATING CONDITIONS 
Output Voltage 


Logic Supply Voltage Range 
Continuous Output Current 


+12V +12V 
oO 


C OUTPUT 
ENABLE 


© CLOCK 


> DATA OUT 


REGISTER 


REGISTER 
LATCHES 


REGISTER 
LATCHES 


i 
LATCHES 


+30 
: UCN-5832A4 | 
oo neeeees oem ee mae e leer esene . 
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BiMOS If POWER DRIVERS 


RELAY AND SOLENOID DRIVERS 


BiMOS II drivers provide an interface flexibility beyond the reach of 
standard logic buffers and power-driver arrays. Drivers with internal, 


transient-suppression diodes are ideal for use with relay and solenoid 
loads. 


Series UCN5840A sink drivers feature isolated logic and power 
grounds that allow split-supply operation or isolated grounds for reduc- 
tion of transients and noise currents on common logic/load ground 
lines. The UCN5890A source driver requires load supply voltages 


of at least 20 V. For lower-voltage operation, the UCN5891A is 
recommended. 


The serial DATA OUTPUT allows cascading for interface applica- 
tions requiring additional drive lines. The OUTPUT ENABLE can also 
provide a CHIP ENABLE function that uses a minimum number of drive 
lines to control output from several packages in a simple multiplex 
scheme. 


RECOMMENDED MAX. OPERATING CONDITIONS 


Output Voltages (Inductive Load) 
UCN5841A 


> aie chet os Sb Sha TE eh le SNe OM car Al Gees GNSS 35 V 
WONS84 2A. ij. F i iiiece a:sciieata acsaolifahe aga ad aun duteeraula dene adie 50 V 
UGNSS43A8 4202 5505's Pt pads seh hudectve tas ip ee dye ett Pac gihiontetich « 60 V 
UGNS890 Ae ine dicite oa cttgen aiid: sia ele ogelt PRG hey Coe sce a Cae 50 V 
WENSB891 Avoca: tcgacae a tere Wepget ed a aa eh ak Gall fo aged Staats 35V 

Logic Supply Voltage Range ..............0 00.004 e ae 5.0 Vto12V 

Continuous Output Current... 0.0.0 ee 350 mA 


+5 -15V +36V 


| 

Hp foe DATA OUT 
' 
| 


ies ' 
cLock O—+{2 SHIFT t+ 
REG ISTER 


CLOCK O—— 


——4 -ooureut ENABLE 
(ACTIVE LOW) 


DATA INO 


SHIF® REGISTER 
LATCHES 


DATA OUT 


STROBE O— 


OUTPUT Q-——— 
ENABLE 
(ACTIVE LOW) 
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BiMOS IT POWER DRIVERS 


MULTI-CHANNEL INTERFACE 
TO HIGH-POWER LOADS 


BiMOS || power drivers can also be used as multi-channel pre- 
drivers for discrete high-current semiconductors, reducing the need 
for many discrete components. BiIMOS II sink drivers provide enough 
switching current to the bases of discrete PNP power transistors for 
load currents of up to 20 A. Higher load currents can be obtained by 
using power Darlington devices. BIMOS II source drivers may require 
discrete Darlington power drivers for significant load currents, but have 
the advantage of allowing rather wide load-voltage swings. 


For ac loads, source drivers can be used to provide gate current 
(with appropriate current limiting) to a power SCR or triac. This 
scheme can provide an economical approach to many applications 
such as driving incandescent lamps or ac motors with current levels 
of up to 20 A. 


D-C 
SINK L 
DRIVER PSD 
ws oe Se 
= ce) 
-Vs 
Dwg. No. A-11.744A 
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Se ar aa D-C 
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HALL-EFFECT & OPTOELECTRONIC SENSOR ICs 


SECTION 4. TECHNICAL DATA & APPLICATION NOTES 
for Hall-Effect and Optoelectronic Sensor ICs 


in Numerical Order 


De bgh Mua sats ate ian vinta Ph ecaauede celaedacaveeesuderases coscaaiesauetdeeed Beginning at 4-1 
Applications Information: 
Hall Effect Applications Guide 20.0.0... ec eee csceeeenneeeeseeeeeeneeeensaneseseeesenenes 4-64 
The Hall Effect Sensor oo... ce eeesccececeececeeneeteeeeeeesaceeeeeeeeseseeeceneeescaaeneeaes 4-98 


Light Sensing Using Optical Integrated Circuits 


Pe 


SWITCH IN 


Dwg. PH-005 


Pinning is shown viewed from branded side 


ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Supply Voltage, Vays --.--. 0.0208 
Magnetic Flux Density,B....... Unlimited 
Operating Temperature Range, T, 
UGN3055U ........... -20°C to +80°C 
UGS3055U ......... -40°C to +125°C 
Storage Temperature Range, 
Tiguan tcesy oe to ae eat -55°C to +150°C 


MULTIPLEXED TWO-WIRE 
HALL EFFECT SENSOR ICs 


The UGN3055U and UGS3055U Hall effect sensors are digital 
magnetic sensing ICs capable of communicating over a two-wire 
power/signal bus. Using a sequential addressing scheme, the device 
responds to a signal on the bus and returns the diagnostic status of the 
IC, as well as the status of each monitored external magnetic field. As 
many as 30 sensors can function on the same two-wire bus. This IC is 
ideal for multiple sensor applications where minimizing the wiring 
harness size is desirable or essential. 


The device consists of high-resolution bipolar Hall effect switching 
circuitry, the output of which drives high-density CMOS logic stages. 
These logic stages decode the address pulse and enable a response 
at the appropriate address. The combination of magnetic-field or 
switch-status sensing, low-noise amplification of the Hall transducer 
output, and high-density decoding and control logic is made possible 
by the development of a new sensor BiMOS fabrication technology. 


This unique magnetic sensing IC is available in two temperature 
ranges; the UGN3055U operates within specifications between -20°C 
and +85°C, while the UGS3055U is rated for operation between -40°C 
and +125°C. Alternate magnetic and temperature specifications are 
available upon request. Both versions are supplied in a 60 mil 
(1.54 mm) thick, three-pin plastic SIP. Each package is clearly marked 
with a two-digit decimal device address (xx). 


FEATURES 


M Complete Muitiplexed Hall-Effect IC with 
Simple Sequential Addressing Protocol 
@ Allows Power and Communication Over a 
Two-Wire Bus (Supply/Signal and Ground) 
@ Up to 30 Hall-Effect Sensors Can Share a Bus 
™@ Sensor Diagnostic Capabilities 
@ Magnetic-Field or Switch-Status Sensing 
@ Low Power of BIMOS Technology Favors 
Battery-Powered and Mobile Applications 
@ ideal for Automotive, Consumer, and Industrial Applications 


Always order by complete part number: 


PartNumber | Operating Temperature Range 
UGN3055U —|_—s -20°C to +80°C 
UGS3055U -40°C to +125°C 


i 
L 
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OPERATIONAL CHARACTERISTIC over operating temperature range. 


Electrical 
Characteristics 


Limits 
ome Min. Typ. Max. 


3 
> 


Quiescent Current ae _— 25 mA 
— = 25 mA 
_— — 300 HA 


Clock Thresholds LOW to HIGH —_ _— 8.5 
HIGH to LOW 


Hysteresis 


Clock Period 


ae 


Address HIGH Voltage 
Power-On Reset Voltage 


Settling Time =9V 100 _ _ 
=6V 100 ey 


< 
Ps) 
a 
4 
Oo 
< 
Q 
x 
= 
lf"). : + 


us 

us 

Propagation Delay TT to HIGH 10 = _ us 
HIGH to LOW — — 10 Us 


Pin 3 Input Resistance No Magnetic Field (V,.,, = HIGH) Roury 40 —~ 19 kQ 
Mag. Field Present (V.,,, = LOW) Aa 7 — 50 Q 


Magnetic Characteristics 
Magnetic Thresholds *Turn-On Bop 

a ee 

“Alternate magnetic switch point specifications are available on request. Please contact the factory. 


a 
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SENSOR LOCATION 


ACTIVE AREA DEPTH 


BRANDED 
SURFACE 


Dwg. MH-002 


FUNCTIONAL BLOCK DIAGRAM 


Veus ° 1 


REGULATOR 


LOGIC CIRCUITRY 


RESET 


SWITCH IN/N.C 
O3 


DEFINITION OF TERMS 


Sensor Address 


Each bus sensor has a factory-specified predefined 
address. At present, allowable sensor addresses are 
integers from 1 to 30. 


LOW-to-HIGH Clock Threshold (V.,, ,,) 

Minimum voltage required during the positive-going 
transition to increment the bus address and trigger a 
diagnostic response from the bus sensors. This is also 
the maximum threshold of the on-chip comparator which 
monitors the supply voitage, V 


HIGH-to-LOW Threshold (V. 


) 

HL 

Maximum voltage required during the negative-going 
transition to trigger a signal current response from the bus 
sensors. This is also the maximum threshold of the on-chip 
comparator which monitors the supply voltage. V,,... 


Bus HIGH Voltage (V,,) 


Bus HIGH voltage required for addressing. Voltage 
should be greater than V,, ,,. 


Address LOW Voltage (V,) 


Bus LOW Voltage required for addressing. Voltage should 
be greater than V,., and less than V,,,,,. 


BUS’ 


RST 
Bus Reset Voltage (V,,.,) 
Voltage level required to reset individual sensors. 


Sensor Quiescent Current Drain (I,) 


The current drain of bus sensors when active but not 
addressed. |, is the maximum quiescent current drain 
when the sensor is not addressed and is at V,,. |,, is the 
maximum quiescent current drain when the sensor is not 
addressed and is at V,. 


Diagnostic Phase 


Period on the bus when the address voltage is at V,,. 
During this period, a correctly addressed sensor responds 
by increasing its current drain on the bus. This response 
from the sensor is called the diagnostic response and 
the bus current increase is called the diagnostic current. 


Signal Phase 


Period on the bus when the address voltage is at V,. 
During this period, a correctly addressed sensor that 
detects a magnetic field greater than magnetic Operate 
Point B., responds by maintaining a current drain of |, 
on the bus. This response from the sensor is called the 
signal response and the bus current increase is called 
the signal current. 


Sensor Address Response Current (I,) 


Current returned by the bus sensors during the diagnostic 
and the signa/ responses of the bus sensors. This is 
accomplished by enabling the constant current source 
(CCS). 


Magnetic Operate Point (B,,) 


Minimum magnetic field required to switch ON the Hall 
amplifier and switching circuitry of the addressed sensor. 
This circuitry is only active when the sensor is addressed. 


Magnetic Release Point (B,,,) 


Magnetic field required to switch OFF the Hall amplifier 
and switching circuitry after the output has switched ON. 
This is due to magnetic memory in the switching circuitry. 
However. when a device is deactivated by changing the 
current bus address, all magnetic memory is lost. 


Magnetic Hysteresis (B,,.) 


Difference between the B., and B,,» Magnetic field 
thresholds. 


eA atm RB Te eee ee 
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ADDRESSING PROTOCOL 


The device may be addressed by modu- 
lating the supply voltage as shown in Figure 
1. A preferred addressing protocol is as 
follows: the bus supply voltage is brought 
down to 0V so that all devices on the bus 
may be reset. The voltage is then raised to 
the address LOW voltage (V,) and the bus 
quiescent current is measured. The bus is 
then toggled between V, and V,, (address 
HIGH voltage), with each positive transition 
representing an increment in the bus address. 
After each voltage transition, the bus current 
is monitored to check for diagnostic and 
signal responses from sensor IC's. 


Sensor Addressing 

When a sensor detects a bus address equal 
to its factory programmed address, it re- 
sponds with an increase in its supply current 
drain (called |, during the HIGH portion of the 


FIGURE 1 
BUS TIMING DI 


Bus Supply Voltage 


a 


address cycle). This response may be used as an indication that the 
sensor is alive and well on the bus and is also called the diagnostic 
response. If the sensor detects an ambient magnetic field, it also 
responds with |, during the low portion of the address cycle. This 
response from the sensor is called the signa/ response. When the next 
positive transition is detected, the sensor becomes disabled, and its 
contribution to the bus signal current returns to |). 


Bus Current 


Figure 1 displays the above described addressing protocol. The top 
trace represents the bus voltage transitions as ccntrolled by the bus 
driver (see applications note for an optimal bus diver schematic). 

The second trace represents the bus current con:ribution of sensor 
(address 2). The diagnostic response from the sensor indicates that 

it detected its address on the bus; however, no signa/ response current 
is returned which indicates that sufficient magnetic field is not detected 
at the chip surface. The third trace represents the: current drain of 
sensor 2 when a magnetic field is detected. Note both the diagnostic 
and signal response from the sensor. The last trace represents the 
overall bus current drain when sensors 2 and 3 are present; note that 


Addr 30 Addr 1 


ae ae, ee 


Addr 2 Addr 3 


Sensor #2 Supply Current 
No Magnet Present QL 


Sensor #2 Supply Current 
Magnet Present Is 


Diagnostic Current Returned 


Bus Supply Current 
Address 2 & 3 Responding 


Om — 


NOTE: Diagnostic current is returned when the preset device address is detected 
Signal currant is returned when the correct address and magnetic field are both detected 
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while sensor 2 returns a diagnostic and 
signal current, sensor 3 only returns a 
diagnostic current. When no sensors are 
addressed, the net bus current drain is the 
sum of quiescent currents of all sensors on 
the bus (for ‘n’ sensors, the bus quiescent 
current drain is n*1.). 


Bus Issues 


At present. a maximum of 30 active sensors 
can coexist on the same bus, each with a 
different address. Address 0 is reserved for 
bus current calibration in software. This 
feature allows for fail-safe detection of signa! 
current and eliminates detection problems 
caused by low signal current (I,). the opera- 
tion of sensors at various ambient tempera- 
tures, lot-to-lot variation of quiescent current, 
and the addition and replacement of sensors 
to the bus while in the field. Address 31 is 
designed to be inactive to allow for further 
address expansion of the bus (to 62 maxi- 
mum addresses). In order to repeat the 
address cycle, the bus must be reset as 
shown in Figure 1 by bringing the supply 
voltage to below V,... Sensors have been 
designed not to ‘wrap-around’. 


Magnetic Sensing 


The sensor IC has been designed to respond 
to an external magnetic field whose magnetic 
strength is greater than B.,. It accomplishes 
this by amplifying the output of an on-chip 
Hall transducer and feeding it into a threshold 
detector. In order that bus current is kept to a 
minimum, the transducer and amplification 
circuitry is kept powered down until the 
sensor is addressed. Hence, the magnetic 
status is evaluated only when the sensor is 
addressed. 


External Switch Sensing 


The third pin of the IC (pin 3) may be used to 
detect the status of an external switch when 
magnetic field sensing is not desired (and in 
the absence of a magnetic field). The allow- 
able states for the switch are ‘open’ and 
‘closed’ (shorted to sensor ground). 


APPLICATIONS NOTES 


Magnetic Actuation 


Figure 2 shows the wiring of the UGN/UGS3055U when used as a 
magnetic threshold detector. Pin 1 of the sensor is wired to the positive 
terminal of the bus, pin 2 is connected to the bus negative terminal, and 
pin 3 has no connection. 


Mechanical! Actuation 


Figure 3 shows the wiring of the UGN/UGS3055U when used to detect 
the status of a mechanical switch. In this case, pin 3 is connected to the 
positive terminal of the switch. The negative side of the switch is 
connected to the negative terminal of the bus. When the mechanical 
switch is closed (shorted to ground) and the correct bus address is 
detected by the IC. the sensor responds with a signal current. If the 
switch is open, only a diagnostic current is returned. 


FIGURE 2 
MAGNETICALLY ACTUATED SENSOR 


Bus Pos 


No Connection 


Bus Neg 


FIGURE 3 
MECHANICALLY ACTUATED SENSOR 


Bus Pos 


Bus Neg 
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FIGURE 4 
BUS INTERCONNECTION 


Address 


Microprocessor 
interface 


Bus Configuration 


A maximum of 30 sensors may be connected 
across the same two wire bus as shown in 
Figure 4. It is recommended that the sensors 
use a dedicated digital ground wire to mini- 
mize the effects of changing ground potential 
(as in the case of chassis ground in the 
automotive industry). 


The bus was not designed to require two 
wire twisted pair wiring to the sensors; 
however, in areas of extreme EMI (electro- 
magnetic interference}, it may be advisable to 
install a small bypass capacitor (.01 WF for 
example) between the supply and ground 
terminals of each sensor instead of using the 
more expensive wiring. 


Bus Driver 


It is recommended that the bus be controlled 
by microprocessor-based hardware for the 
following reasons: 


+ Sensor address information may be 
stored in ROM in the form of a look up 
table. 


+ Bus faults can be pinpointed by the 
microprocessor by comparing the 
diagnostic response to the expected 
response in the ROM look up table. 


* The microprocessor, along with an A/D 
converter, can also be used to self cali- 
brate the quiescent currents in the bus 
and hence be able to easily detect a 
signal response. 
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BUS SUPPLY 


BUS RETURN 


* The microprocessor can also be used to filter out random line noise 
by digitally filtering the bus responses. 


+ The microprocessor can easily keep track of the signal responses, 
initiate the appropriate action; e.g., light a lamp, sound an alarm, 
and also pinpoint the location of the signal. 


Optimally, the microprocessor is used to control bus-driving circuitry 
that will accept TTL level inputs to drive the bus and will return an 
analog voltage representation of the bus current. 


Interface Schematic 


The bus driver is easily designed using a few operational amplifiers, 
resistors, and transistors. Figure 5 shows a schematic of a recom- 
mended bus driver circuit that is capable of providing 6 to 9 V transi- 
tions, resetting the bus, and providing an analog neasurement of the 
current for use by the A/D input of the microprocessor. 


In Figure 5, the Address pin provides a TTL-compatible input that 
is used to contro! the Bus supply. A HIGH (5 V) input switches Q1 ON 
and sets the bus voltage to 6 V through the resistor divider R4, R5, and 
the Zener. A LOW input switches OFF Q1 and sets the bus voltage to 
9 V. This voltage is fed into the positive input of the operational ampli- 
fier OP1 and is buffered and made available at Bus Supply (or sensor 
supply). Bus reset control is also available in the form of a TTL-compat- 
ible input. When this input, which is marked Reset, is HIGH, Q2 is 
switched ON and the positive input of the op amr is set to the satura- 
tion voltage of the transistor (approximately 0 V). This resets the bus. 


A linear reading of the bus current is made possible by amplifying 
the voltage generated across R6 (which is I,,,, “R6). The amplifier, 
OP2, is a standard differential amplifier of gain R9/R7 (provided that 
R7 = R8, R9 = R10). The gain of the total transimpedance amplifier 
is given by: 


Vosuir = lays *RO*RO/R7 


out = 


This voltage is available at the terminal marked TO A/D. 
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Bus Control Software 

The processing of the bus current (available at pin A/D In) is best 
done by feeding it into the A/D input of a microprocessor. If the flexibility 
provided by a microprocessor is not desired, this signal could be fed 
into threshold detection circuitry: e.g., comparator, and the output used 
to drive a display. 


Related References 


1. G. AVERY, “Two Terminal Hall. Sensor,” ASSIGNEE: Sprague 
Electric Company, North Adams, MA, United States. Patent number 
4,374,333; Feb. 1983. 


2. T. WROBLEWSK! and F. MEISTERFIELD, “Switch Status 
Monitoring System, Single Wire Bus, Smart Sensor Arrangement There 
Of,” ASSIGNEE: Chrysler Motor Corporation, Highland Park, MI, United 
States. Patent number 4,677,308; June 1987. 


FIGURE 5 
BUS INTERFACE SCHEMATIC 


O+15Vv 


BUS SUPPLY 


O \@, 
SWITCH 


BUS RETURN 


~TO A/D IN 
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HALL EFFECT GEAR-TOOTH SENSORS 


i 
5 
Ww 


Dwg. PH-01't. 


Pinning is shown viewed from branded.side. 


ABSOLUTE MAXIMUM RATINGS 
at T, = 425°C 


Supply Voltage, Vo, 
Reverse Battery Voltage, V 
Magnetic Flux Density, B 
Output OFF Voltage, Vu), 
Output Current, | 
Package Power Dissipation, 


Roc 


OUT 


Operating Temperature Range, T, 
UGN3059KA -20°C to +85°C 
UGS3059KA -40°C to +125°C 

Storage Temperature Range, 

-65°C to +150°C 


—AC COUPLED 


The UGN3059KA and UGS3059KA ac-coupled Hall effect gear- 
tooth sensors are monolithic integrated circuits that switch in response 
to changing differential magnetic fields created by moving ferrous 
targets. These devices are ideal for use in non-zero-speed, 
gear-tooth-based speed, position, and timing applications. 


Both devices, when coupled witha back-biasing magnet, can be 
configured to turn ON or OFF with.the leading or trailing edge of a 
gear-tooth or slot. Changes in fields on the magnet face caused by a 
moving ferrous mass are sensed by two integrated Hall transducers 
and are differentially amplified by’on-chip electronics. Steady-state 
magnet and system offsets are eliminated using an on-chip differential 
band-pass filter. This filter also provides relative immunity to interfer- 
ence from RF and electromagnetic sources. The on-chip temperature 
compensation and Schmitt trigger circuitry minimizes shifts in effective 
working air gaps and switch points over temperature, allowing opera- 
tion to low frequencies over a wide range of air gaps and temperatures. 


Each Hall effect digital Integrated circuit includes a voltage regu- 
lator, two quadratic Hall effect sensing elements, temperature compen- 
sating circuitry, a low-level amplifier, band-pass filter, Schmitt trigger, 
and an open-collector output driver. The on-board regulator permits 
operation with supply voltages of 4.5 to 18 volts. The output stage can 
easily switch 20 mA over the full frequency response range of the 
sensor and is compatible with bipolar and MOS logic circuits. 


The two devices provide a choice of operating temperature ranges. 
The UGN3059KA has an operating range of -20°C to +85°C. The 
UGS3059KA has an operating range of -40°C to +125°C. Both devices 
are packaged in a 5-pin plastic SIP. 


FEATURES 


@ Senses Motion of Ferrous Targets Such as Gears 
M@ Large Effective Air Gap 

@ Wide Operating Temperature Range 

@ 4.5 V to 18 V Operation 

@ Operation to 30 kHz 

H Output Compatible With All Logic Families 

@ Reverse Battery Protection 

@ Activate With Small, Inexpensive Magnets 

@ Resistant to RFI, EMI 


Always order by complete part number: 


Part Number} Operating Temperature Range 
UGN3059KA | -20°C to +85°C 
UGS3059KA | -40°C to +125°C 
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(1) SUPPLY FUNCTIONAL BLOCK DIAGRAM 


OUTPUT 


GROUND 


FILTER = FILTER Dwg. FH-008 


Characteristic Symbol Test Conditions Min. Typ. : 


a 
oe a 
anwar ae 
meer P= ae 0] 


Fad 

fol 
S\3/5 
o| P Ix 
3 


Output Rise time =12V.R, = 8202 0.04 0.2 
Output Fall time =12V.R, = 8202 


< 
a 


Limits 
Test Conditions 


Min. Typ. Max. | Units | 
[Spero Poin Bae [Sr Swicnes OFFIC ON se 
Bc RP BR a a 


NOTES: Magnetic switch points are specified as the difference in magnetic fields at the two Hall elements. 
As used here, negative flux densities are defined as less than zero (algebraic convention). 
Typical values are at T, = +25°C and V., = 12 V. 


— 
=) 
| 
a 
Q 
ro) 
7) 
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1k APPLICATIONS INFORMATION 


Magnetic Operation. The UGN3059KA and UGS3059KA sensor 
ICs have two integrated Hall transducers spaced 0.088" (2.24 mm) 
apart that are used to sense a magnetic field gradient across the 
100, face of the IC. 


The magnetic field is measured and converted into an analog 
voltage by each of the two Hall transducers, Et and E2 where E1 is 
the left element and E2 is the right element. The difference voltage 
is amplified, band-pass filtered to remove dc offset components, and 
then fed into a Schmitt trigger. This trigger switches the output ON 
when B,,-B., > B,, and switches the output OFF when B,,-B,, < B,,. 


LOW-FREQUENCY CUTOFF IN Hz 


10 AC-Coupled Operation. Steady-state magnet and system offsets 
are eliminated using an on-chip differential band-pass filter. The 
lower frequency cut-off of this patented filter is set using an external 
capacitor the value of which can range from 0.01 LF to 10 UF. 
The high-frequency cut-off of this filter is set at 30 KHz by an internal 
0.01 0.1 1.0 10 integrated capacitor. 

CAPACITANCE IN [LF 


The differential structure of this filter enables the IC to reject single- 
Dwg.GH-025 ended noise on the ground or supply line and, hence, makes it resistant 
to radio-frequency and electromagnetic interference typically seen in 
hostile remote sensing environments. This filter configuration also 
increases system tolerance to capacitor degradation at high tempera- 
tures, allowing the use of an inexpensive external ceramic capacitor. 


Low-Frequency Operation. Low-frequency operation of the sensor 

is set by the value of an external capacitor. The graph provides the 
low-frequency cut-off (-3 dB point) of the filter as a function of capaci- 
tance value. This information should be used with care. The graph 
assumes a perfect sinusoidal magnetic signal input. In reality, when 
used with gear teeth, the teeth create transitions in the magnetic field 
that have a much higher frequency content than the basic rotational 
speed of the target. This allows the device to serse speeds much lower 
than those indicated by the graph for a given capacitor value. 


Capacitor Characteristics. The major requirerrent for the external 
capacitor is its ability to operate in a bipolar (non-polarized) mode. 
Another important requirement is the low leakage current of the 
capacitor (equivalent parallel resistance should be greater than 500 kQ2). 
To maintain proper operation with frequency, capacitor values should 
be held to within +30% over the operating temperature range. Available 
non-polarized capacitors include ceramic, polyester, and some tantalum 
types. For low-cost operation, ceramic capacitors with temperature 
codes Z5S, Y5S, X5S, or X7S (depending on operating temperature 
range) or better are recommended. The commor:ly available Z5U 
temperature code should not be used in this appiication. 


3059 
HALL EFFECT GEAR-TOOTH SENSORS—AC COUPLED 


SENSOR LOCATION Magnet Biasing. in order to sense moving non-magnetized ferrous 
targets, the UGN3059KA or UGS3059KA must be back-biased by 
mounting it on a small permanent magnet. This can be accomplished 

ee eR aaa by attaching the pole end of a magnet (AINiCo 8, SmCo, or NeFe B) to 
me mmm the back of the package, opposite to the branded side. Either magnetic 
NOM pole (north or south) can be used. The magnetic system, thus config- 
ured, can sense ferrous gear teeth out to 0.070" (1.75 mm) for typical 
wheel speed sensing targets or 0.100" (2.5 mm) for deep slotted 
ignition targets. 


The UGN/UGS3059KA can also be used without a back-biasing 
magnet. In this configuration, the sensor can be used to detect a 
rotating ring magnet such as those found in brushless de motors or in 
speed sensing applications. Here, the sensor detects the magnetic field 
gradient created by the moving magnetic poles. 


Magnet Selection. The UGN/UGS3059KA can be used with a wide 
variety of commercially available permanent magnets. The selection 

of the magnet depends on the operational and environmental require- 
ments of the sensing system. For systems that require high accuracy 
bwa.mH-oo7 += aNd large working airgaps or an extended temperature range, the usual 
magnet material of choice is rare earth samarium cobalt (SmCo). This 
magnet material has a high energy product and can operate over an 
extended temperature range. For systems that require low-cost solu- 
tions for an extended temperature range, AINiCo 8 can be used. Due 
to its relatively low energy product, smaller operational airgaps can be 
expected. Neodymium iron boron (NeFeB) can be used over moderate 
temperature ranges when large working airgaps are required. Of these 
three magnet materials, AINiCo 8 is the least expensive by volume and 
SmCo is the most expensive. 


BRANDED 
SURFACE 
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SERIES 3100 


HALL EFFECT SWITCHES 


These Hall effect switches are highly temperature stable and stress- 
resistant sensors best utilized in applications that provide steep magnetic 
slopes and low residual levels of magnetic flux density. 


x Le Each device includes a voltage regulator, quadratic Hall voltage 
generator, temperature stability circuit, signal amplifier, Schmitt trigger 
and open-collector output on a single silicon chip. The on-board regulator 
permits operation with supply voltages of 4.5 to 24 volts. The switch 
output can sink up to 20 mA. With suitable output pull up, they can be 
used directly with bipolar or MOS logic circuits. 
> E 
_! _ 
a a 
a E 
D> > 
a (2) 
Dwg. PH-003 
Pinning is shown viewed from branded side. 


The four package styles available provide a magnetically optimized 
package for most applications. Suffix LT is a surface-mount SOT 89 
(TO-243AA) package; suffixes LL, U, and UA feature wire leads for 
through-hole mounting. Devices suitable for military applications with 
high-reliability screening and in a hermetic package (TO-260AA) are 
also available. 


FEATURES 


4.5 V to 24 V Operation 

Activate With Small, Commercially Available Permanent Magnets 
Solid-State Reliability... No Moving Parts 

Small Size 

Constant Output Amplitude 

Superior Temperature Stability 

Resistant to Physical Stress 

Directly Replace Series UGN and UGS3000T/U Switches 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vig 
Magnetic Flux Density, B 
Output OFF Voltage, Vouy7 
Continuous Output Current. lay, ..-- 
Operating Temperature Range. T, 
Prefix UGN -20°C to +85°C 
Prefix UGS 
Storage Temperature Range, 
-65°C to +150°C* 


* Devices can be stored at +200°C for short mere 
periods of time. Always order by complete part number, e.g., {UGN3113UA| . 
See Magnetic Characteristics table for differences between devices. 


eR eee rere nnee na eee ee EI (a ee aE 
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SERIES 3100 
HALL-EFFECT SWITCHES 


ELECTRICAL CHARACTERISTICS at T, + +25°C, Vig = 4:5 V to 24 V (unless otherwise noted). 


Limits 
Characteristic Symbol | _ Test Conditions =| Min. Typ. Max. 
Supply Voltage Voc Operating 4.6 _— 24 
Output Saturation Voltage Vourisar lour = 20 MA, B > Bop _ 150 400 
Output Leakage Current are Vour = 24 V, B< Bap i _ <1.0 10 
Supply Current leg Vog = 4.5 V, Output Open _ 4.7 8.0 
Output Rise Time : Veg = 12 V. R, = 8200. C, = 20 pF si — 0.04 2.0 
Output Fal! Time t, | Nee =12V,R, = 8200. C, = 20 pF mil _ 0.18 2.0 


MAGNETIC CHARACTERISTICS in gauss 


Part T, = +25°C T, =-20C to +85°C 
Characteristic Number* Min. Max. Min. Max. 
Operate Point. B.,, 3113 — 450 

3119 175 500 

3120 70 350 

3130 — 150 

3140 70 200 

————>- 

Release Point, B,, 2113 30 = 

3119 125 450 

3120 50 330 

3130 -150 — 

3140 50 180 
Hysteresis, Bays 20 _ 

3119 50 = 

3120 20 as 

3130 20 —_ 

3140 20 = 


NOTE: As used here, negative flux densities are definea as less than zero (algebraic convention). 
* Complete part number includes a prefix denoting operating temperature range (UGN or UGS) and a suffix denoting package type (LL, LT, U, or UA). 
t Applicable to prefix UGS devices only (available with ail devices except 3113) 
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SERIES 3100 
HALL-EFFECT SWITCHES 


TYPICAL CHARACTERISTICS 
AS FUNCTIONS OF TEMPERATURE 


RELEASE POINT 


RELATIVE SWITCH POINTS IN GAUSS 


-40 0 40 80 120 160 200 


AMBIENT TEMPERATURE IN °C Dwg, GH-018 


FUNCTIONAL BLOCK DIAGRAM 


i Veco 
as 


x OUTPUT 


GROUND 


Dwg, FlH-005 


TYPICAL CHARACTERISTICS 
AS FUNCTIONS OF TEMPERATURE 


OUTPUT SATURATION VOLTAGE 


150 


SATURATION VOLTAGE IN mV 


100 


AMBIENT TEMPERATURE IN C 


Dwg. GH-013 


SUPPLY CURRENT 


SUPPLY CURRENT IN mA 


Ad 0 40 80 420 160 200 


AMBIENT TEMPERATURE IN °C 
Dwg, GH-014 


SERIES 3100 
HALL-EFFECT SWITCHES 


SENSOR LOCATIONS 
SUFFIX “LL” AND “LT” 


ACTIVE AREA DEPTH 


0.035" 
0.89 mm 
NOM 


Dwg. MH-CO8 


SUFFIX “U” SUFFIX “UA” 


ACTIVE AREA DEPTH 
ACTIVE AREA DEPTH 


0.017" 
~ 0.43 mm 0.017" 
NOM > 0.43 mm 
NOM 


BRANDED 
SURFACE 


Cs 


BRANDED 
SURFACE 


Dwg. MH-011-1 


Dwg. MH-002-4 


3132 anv 


31335 


ULTRA-SENSITIVE BIPOLAR 
HALL EFFECT SWITCHES 


These Hall effect switches are designed for rnagnetic actuation 
using a bipolar magnetic field, i.e., a north-south alternating field. They 
combine extreme magnetic sensitivity with excellent stability over 


; varying temperature and supply voltage. The high sensitivity permits 
- 
@ Superior Supply Voltage Stability 


their use with multi-pole ring magnets over relatively large distances. 
> i 
= =) 
a oO. 
a. FE 
2 2 
” oO 
@ Activate with Multi-Pole Ring Magnets 


Pwe: Rete @ Solid-State Reliability...No Moving Parts 
Pinning is shown viewed from branded side. ter @ Small Size 
@ Constant Output Amplitude 
@ Resistant to Physical Stress 


Each device includes a voltage regulator, quadratic Hall voltage 
generator, temperature stability circuit, signal amplifier, Schmitt trigger, 
and open-collector output on a single silicon chip. The on-board 
regulator permits operation with supply voltages of 4.5 to 24 volts. The 
switch output can sink up to 25 mA. With suitable output pull up, they 
can be used directly with bipolar or MOS logic circuits. 


The four package styles available provide a magnetically optimized 
package for most applications. Suffix LT is a surface-mount SOT 89 
(TO-243AA) package; suffixes LL, U, and UA feature wire leads for 
through-hole mounting. Prefix ‘UGN’ devices are rated for continuous 
operation over the temperature range of -20°C to +85°C; prefix ‘UGS’ 
devices over an extended range of -40°C to +125°C. 


FEATURES 


@ 4.5 V to 24 V Operation 
m@ Reverse Battery Protection 
@ Superior Temperature Stability 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Veg... 6... eee 
Reverse Battery Voltage, Vi...--.-- 
Magnetic Flux Density,B....... 
Output OFF Voltage, Voyp.- ss eee. 
Continuous Output Current, lou, -- 
Operating Temperature Range, T, 
Prefix UGN .......... -20°C to +85°C 
Prefix UGS ......... 


Storage Temperature Range, 
y Male eS males -65°C to +150°C 


Always order by complete part number, e.g., [UGN3132LL | : 
See Magnetic Characteristics table for differences between devices. 
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3132 AND 3133 
BIPOLAR HALL-EFFECT SWITCHES 


FUNCTIONAL BLOCK DIAGRAM 


Dwg. FH-005-2 


ELECTRICAL CHARACTERISTICS at T, = +25°C 


Characteristic Symbol Test Conditions 


i ap] a 

a rr 

Sa 
=e 


Output Fall Time 


Characteristic “en 
Operate Point 


Release Point 


Hysteresis 


NOTE: As used here, negative flux densities are defined as less than zero (algebraic convention.) 
Typical values are at T, = +25°C and Vog= 12V. 


* Complete part number includes a prefix denoting operating temperature range (UGN or UGS) and a suffix denoting package type (LL, LT, U, or UA). 
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3132 AND 3133 
BIPOLAR HALL-EFFECT SWITCHES 


TYPICAL CHARACTERISTICS 


OPERATE POINT 
Q a 
o 2) 
3 > 
< < 
oO oO 
z z 
- = 
z z 
(eo) ro) 
oO. a 
= od 
oO oO 
E ELEASE POINT 4 
= 3S 
n 7) 
RELEASE POINT 
-60 -25 0 25 50 75 100 125 4.0 8.0 12 “6 20 24 28 
AMBIENT TEMPERATURE IN °C SUPPLY VOLTAGE IN VOLTS 
Dwg. GH-022 Dwg. GH-021 

200 
> 
E 175 < 
z £ 
w = 
< Zz 
La Ww 
3 inal 
Q 150 5 
z re) 
° > 
& a 
c a 
= a 
Ke 125 
a 

100 

“50 +25 0 25 50 75 100 125 ) 25 G ‘ 75 
AMBiENT TEMPERATURE IN °C AMBIENT TEMPERATURE IN °C 
Dwg. GH-024 Dwg. GH-023 


3132 AND 3133 
BIPOLAR HALL-EFFECT SWITCHES 


SENSOR LOCATIONS 
SUFFIX “LL” & SUFFIX “LT” 


ACTIVE AREA DEPTH 
0.035" 
0.89 mm 
NOM 


SUFFIX “U” 
ACTIVE AREA DEPTH 


0.017" 
0.43 mm 
NOM 


BRANDED 
SURFACE 


Dwg. MH-002-2 


Dwg. MH-008-2 


SUFFIX “UA” 


ACTIVE AREA DEPTH 
0.017" ‘" 
0.43 mm cee 
NOM : 


. 


BRANDED 
SURFACE 


Dwg. MH-011-2 


3175 ann 


3177 


HALL EFFECT LATCHES 


These Hall effect latches are temperature-stable and stress- 
resistant sensors especially suited for electronic commutation in 
brushless dc motors using multipole ring magnets. Each device in- 
cludes a voltage regulator, quadratic Hall voltage generator, tempera- 

< ture compensation circuit, signal amplifier, Schmitt trigger, and an open- 
collector output on a single silicon chip. The on-board regulator permits 
operation with supply voltages of 4.5 to 24 volts. The switch output can 
sink 10 mA. With suitable output pull up, they can be used directly with 
bipolar or MOS logic circuits. 

if 5 

oO a 

5 5 

n (o) 

Pinning is shown viewed from branded side. 


The four package styles available provide a magnetically optimized 
package for most applications. Suffix LT is a surface-mount SOT 89 
(TO-243AA) package; suffixes LL, U, and UA feature wire leads for 
through-hole mounting. 


FEATURES 


Symmetrical Response 

4.5 V to 24 V Operation 

Open-Collector Output 

Reverse Battery Protection 

Activate With Small, Commercially Available Permanent Magnets 
Solid-State Reliability ... No Moving Parts 

Small Size 

Superior Temperature Stability 


Dwg. PH.003 Resistant to Physical Stress 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vo, 

Reverse Battery Voltage, Vacg +--+ -- -35 V 
Magnetic Flux Density, B Unlimited 
Output OFF Voltage, Voy, 

Continuous Output Current, lay, --- 


Operating Temperature Range, 
T -20°C to +85 C 


Storage Temperature Range. 
. 65°C to +150°C as 
Always order by complete part number, e.g.,, UGN3175LL |. 


See Magnetic Characteristics table for differences between devices. 


3175 AND 3177 
HALL EFFECT LATCHES 


FUNCTIONAL BLOCK DIAGRAM 


Dwg. FH-005-2 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vic = 4:5 V to 24 V 
| (unless otherwise noted). 


Limits 


T, = +25°C 
Part A 
Characteristic Number* Min. Typ. Max. 
Operate Point, Bo, UGN3175 25 
UGN3177 50 
Release Point, B,,, UGN3175 
UGN3177 


Hysteresis, Bays UGN3175 
UGN3177 


NOTE: As used here, negative flux densities are defined as less than zero (algebraic convention) 
* Complete part number includes a suffix denoting package type (LL. LT. U. or UA). 
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3175 AND 3177 
HALL EFFECT LATCHES 


TYPICAL OPERATING CHARACTERISTICS 


PERATE PO! 
n 
ry 
a) 
= 
G 
< 
E 
z 
° 
a 
x 
ray 
a 
ES 
a 
30 “10 10 30 50 70 90 
AMBIENT TEMPERATURE IN °C 
Dwg, GH-020 
SENSOR LOCATIONS 
Suffix “LL” & Suffix “LT” 
ACTIVE AREA DEPTH 

0.035" 

0.89 mm 

NOM 

Dwg. MH-008-1 
Suffix “U” Suffix “UA” 
ACTIVE AREA DEPTH 
ACTIVE AREA DEPTH 


0.017" 
0.43 mm 
NOM 


0.017" 
0.43 mm 
NOM 


BRANDED 


BRANDED SURFACE 


SURFACE 


Dwg. MH-002-3 Dwg. MH-011 
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Dwg. PH.GO? 


Pinning is shown viewed from branded side. 


ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Power Supply, Veg . 6. eee eee 25V 
Reverse Battery Voltage, Veco cree -30 V 
Magnetic Flux Density,B ....... Unlimited 
Output OFF Voltage, Voip se... ee 25V 
Output ON Current. logg oe eee 50 mA 
Operating Temperature Range, 

Tg asec bee ariae-vealaiit -20°C to + 85°C 


DUAL OUTPUT 
HALL EFFECT SWITCH 


Type UGN3235K Hall effect sensors are bipolar integrated circuits 
designed for commutation of brushless dc motors, and other rotary 
encoding applications using multi-pole ring magnets. The device 
features two outputs which are independently activated by magnetic 
fields of opposite polarity. 


Each sensor IC includes a Hall voltage generator, two Schmitt 
triggers, a voltage regulator, output transistors, and on-board reverse 
polarity protection. The regulator enables these devices to operate from 
voltages ranging between 4.5 V and 24 V. On-chip compensation 
circuitry stabilizes the switch points over temperature, 


Each open-collector output is independently operated by the proper 
amount and polarity of incident magnetic flux. Output 1 responds only 
to the positive flux from the south pole of a magnet, Output 2 to the 
negative flux from the north pole of a magnet. When the sensor experi- 
ences the field of a south magnetic pole greater than the maximum 
operate point of Output 1, that output switches to the LOW state and 
Output 2 is unaffected. When the incident flux falls below the minimum 
release point for Output 1, that output returns to the HIGH state and 
Output 2 remains unchanged. 


Output 2 independently responds in the same manner to the 
negative flux from the north magnetic pole of a magnet. Figure 1 shows 
a Zone in the region of 0 G, t,, where both outputs are in the HIGH or 
OFF state. This constitutes a delay that is independent of rate of 
change of the incident magnetic field and ensures that both outputs 
are never ON simultaneously. This is an essential feature for driving 
brushless dc motors with a minimum of reactive transient currents. 


The UGN3235K is supplied in a four-pin plastic single in-line 
package (SIP) measuring just 0.205" wide x 0.135” high x 0.060" thick 
(5.2 x 3.4 x 1.55 mm). 


FEATURES 


@ Reliable and Rugged Magnetic Sensing Switch 

@ Two Outputs Independently Switched by North and South Poles 

@ Independent Actuation of Outputs Minimizes Inductive-Load 
Reactive Transient 

H@ Built-in Hysteresis Minimizes Interference from Stray Fields 

@ Operates from 4.5 V to 24 V 

@ Outputs Compatible with All Logic Levels 

@ On-Board Reverse Polarity Protection 

M Open-Collector, Active-Low Outputs 


3235 
DUAL OUTPUT HALL EFFECT SWITCH 


FUNCTIONAL BLOCK DIAGRAM 


@ OUTPUT? 


Dwg. FH-003A 


a 
Output Rise Time Vog = 14-V, R, = 820, C, = 20 pF 


MAGNETIC CHARACTERISTICS at V_,. = 4.5 V to 24. V 


Characteristic Test Conditions 


Operate Point, Bop T, = +25°C Qi 
Q2 

Operate Point, Bop T, = -20°C to +85°C Qi 35 
Q2 -200 
Qi 


Release Point, B,, T,= +25°C 


3) 
>] > 


3 


a 0.04 


= 
n 


* 
an 


T, = -20°C to +85°C 


T, = +25°C Qi & Q2 15 
T, = -20°C to +85°C Qt &Q2 15 


Hysteresis, B,, 


ie sfoole|E 
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MAGNETIC FLUX 


3235 
DUAL OUTPUT HALL EFFECT SWITCH 


MAGNETIC FLUX (G) 


OUTPUT VOLTAGE, 


OUTPUT SWITCHING CHARACTERISTICS 


NORTH 


FIGURE 1 


Yoo 45V TO 24Vv 


R3 
20mA LIMIT 


FIGURE 2A 


Vcc 


C1 uf 
MINIMUM 
VALUE 


45 V to 24V 


Qt Q2 
2N4356 2N4356 


DECOUPLE 


Lt 


WINDING 4 WINDING 2 


MOTOR COILS 


20mA LIMIT 


SWITCH POINTS 
VERSUS TEMPERATURE 


50-25 0 25 50 75 100 125 150 
TEMPERATURE IN DEG. C 


FIGURE 2B 


APPLICATIONS 


Figure 2A gives a method of sensing the presence of either a north 
or south magnetic pole. Since the UGN3235K is an open collector 
device, it is possible to directly connect (OR-wire) the two outputs. This 
causes the output to go LOW when a north or south pole of sufficient 
magnitude is sensed. 


The device connected in this manner suits many applications, 
ranging from doubling the resolution of a ring-magnet encoder, to zero- 
crossing detection. Figure 1 shows that t, is centered around the zero- 
G portion of the magnetic field plot. Thus, by decoding the HIGH portion 
of the UGN3235K OR-wired output, the zero-crossing can be encoded. 


Figure 2B shows that the UGN3235K makes it possible to imple- 
ment a very efficient brushless de motor using a minimum number of 
components. Referring again to Fig. 1, the dead time (t,,) of the switch- 
ing characteristics allow the motor coil fields to decay sufficiently. This 
avoids both excessive reactive voltages and the magnetic drag result- 
ing from the motor coils working in opposition to each other. 
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3235 


DUAL OUTPUT HALL EFFECT SWITCH 


HYSTERESIS 
CHARACTERISTICS 


> 


506 400 -300 -200 -100 
MAGNETIC FLUX DENSITY IN GAUSS 


1: 
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SENSOR LOCATION 


ACTIVE AREA DEPTH 


0.017" 
0.43 mm 
NOM 


BRANDED 
SURFACE 


Dwg. MH-001-1 


GUIDE TO INSTALLATION 


280 
260 
240 
220 
200 


0 5 10 15 
TIME IN SOLDER BATH IN SECONDS 


SOLDER TEMPERATURE IN °C 


Dwg. No. A-12.062 


All Hall effect integrated circuits are susceptible to mechanical stress effects. 

Caution should be exercised to minimize the application of stress to the leads 
or the epoxy package. Use of epoxy glue is recommended. Other types may 

deform the epoxy package. 


. To prevent permanent damage to the Hai! cell, heat-sink the leads during hand 


soldering. Recommended maximum conditions for wave soldering are shown in 
the graph above. 


> ize —& a 
=) = =) Zz 
a a oa 3) 
a. E E 6 
> = 2 c 
n [e) (e) fo} 
Dwg. PH-002 


Pinning is shown viewed from branded side. 


ABSOLUTE MAXIMUM RATINGS 


Power Supply, Vag .. eee eee ee 25V 
Magnetic Flux Density,B....... Untimited 
Output OFF Voltage, Vout crete eens 25 Vv 
Output ON Current, lop... ee 50 mA 
Operating Temperature Range, 

Tiger Gots tah Aas got hs -20°C to +85°C 
Storage Temperature Range, 

Meera aie Say wnat, Bet be kowsn Be -65°C to +150°C 


Ss 


COMPLEMENTARY-OUTPUT 
HALL EFFECT LATCH 


Type UGN3275K latching Hall Effect sensors are bipolar integrated 
circuits designed for electronic commutation of brushless dc motors. 
They feature dual complementary outputs. The latches are typically 
used to sense matched magnetic flux densities of alternating polarity 
from multipole ring magnets. 


Each sensor IC includes a Hall voltage generator, operational 
amplifier, Schmitt trigger, voltage regulator, and dual bipolar output 
transistors. The regulator allows use of the integrated circuit with supply 
voltages of 4.5 V to 24 V. 


If the Hail cell is coat to a magnetic flux density greater 
than the operate threshold (B..), OUTPUT goes low (turns ON) and 
OUTPUT goes high (turns OF} The outputs will hold (latch) this state 
until magnetic field reversal exposes the Hall cell to a magnetic flux 
density below the release threshold (B,,.) when OUTPUT will go high 
(OFF) and OUTPUT will go low (ON). This state is also latched. Under 
any condition one output is ON while the other is OFF. Because the 
operating state switches only with magnetic field reversal, and not 
merely with a change in the strength, these integrated circuits qualify 
as true Hall effect latches. 


Similar devices with a 500 mA continuous output current rating are 
available as the UGN5275K. 


These complementary-output Hall Effect latches are supplied in a 
four-pin plastic SIP, 0.200" (5.08 mm) wide, 0.130" (3.3 mm) high, and 
0.060" (41.54 mm) thick. 


FEATURES 


Operable with Multipole Ring Magnets 

High Reliability 

Small Size 

Output Compatible with All Digital Logic Families 

4.5 V to 24 V Operation 

High Hysteresis Level Minimizes Stray-Field Problems 
Complementary Outputs 


Always order by complete part number:| UGN3275K}. 
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3275 
COMPLEMENTARY OUTPUT HALL EFFECT LATCH 


SENSOR LOCATION 


ACTIVE AREA DEPTH 


0.017" 
Sata 0.43 mm 
NOM 


FUNCTIONAL BLOCK DIAGRAM 


Bi Veo 
ve OUTPUT 


x © ouTPUT 


0.047" 
1.19 mm 


N 


BRANDED 
SURFACE 


() GROUND 


Dwg. FH-002 
Dwg. MH-004-2 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V,, = 4.5 V to 24V 
(unless otherwise noted). “ 


Characteristic Test Conditions 


Supply Voltage Operating 
Veg = 4.5 V, Iyp = 20 MA, B> Bo, 
= =24V,V., = 24 V. B< BL, 
Vee = 24V,B< Bap 

Voo = 12 V, Ry = 820 2, C, = 20 pF 
Vee = 12 V, R, = 820 2, C, = 20 pF 


Output Saturation Voltage 


Output Leakage Current 


Supply Current 


Output Rise Time 


Output Fall Time 


T, =-20°C to +85°C 


Characteristic 


Operate Point 


Release Point 


Hysteresis 


NOTE: As used here, negative flux densities are defined as less than zero (algebraic convention). 


doll AND 


3312 


PRECISION LIGHT SENSORS 


with calibrated Current Amplifiers 


Dwg. PH-0C8 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vu, .--.. eee eee ee, 24V 


Operating Temperature Range, 
Stites fag nue sharenegane -40°C to +70°C 


Direct replacements for photocells and phototransistors, the 
ULN3311T and ULN3312T precision light sensors are two-terminal 
monolithic integrated circuits that linearly convert light level into electri- 
cal current. The light-controtled current sources are linear over a wide 
range of supply voitages and light levels and require no external 
calibration. 


Each precision light sensor (PLS) consists of a photodiode and a 
calibrated current amplifier. The design of the amplifier allows derivation 
of its supply current from the same terminal as the photodiode cathode 
and amplifier output. Since this supply current is a linear function of the 
photodiode current. it acts as part of the signal current. On-chip resis- 
tor-trimming techniques are used during manufacture to adjust each 
PLS to specified sensitivity. A 100 uW/cm? GaAlAs LED emission 
provides the light source for this calibration. 


The ULN3311T and ULN3312T are supplied in an inexpensive 
clear plastic package. Both devices are rated for operation over the 
temperature range of -40°C to +70°C. 


FEATURES 


@ Two-Terminal Operation 

M@ Linear Over a Wide Range 

@ Precalibrated 

M@ Wide Operating Voltage Range 
@ High Output 


Always order by complete part number, e.g.,| ULN3311T|. 
See Characteristics table for differences between devices. 


i TN OD 
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331 LAND 3312 
PRECISION LIGHT SENSORS 


SCHEMATIC UNPACKAGED CHIP 
0.053" x 0.077" (1.35 mm x 1.96 mm) 


Veo 
® ~ MMMM). S PRAGUE 


+ + + 


ag Sed + 


GROUND GROUND 


Dwg. No. A-11.996 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V.,.= 12 V 
Limits 


Min. Typ. Max. 
ULN3311T 280 — 350 
ULN3312T 350 ~~ 420 
27 12 24 
40 50 = 


Characteristics 


Initial Accuracy at 100 W/cm? 


Sensitivity 


nA/W/cm? 
nA/p W/cm? 


[eon eye 


ee 


NOTE: Light source is an infrared LED with a peak output wavelength of 880 nm. 


Operating Voltage Range 
Output Linearity, 10 to 10k u W/cm? 
Dark Current 


Power Supply Rejection, (Al,/I,)AV 


Temperature Coefficient of Sensitivity 
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3311 AND 3312 
PRECISION LIGHT SENSORS 


TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL RESPONSE OUTPUT CURRENT 
AS A FUNCTION OF WAVELENGTH OF LIGHT AS A FUNCTION OF ILLUMINANCE 
10 
a2 z 3.0 
a 1, 1 +9 
y aeaaee . 
2 < 
ae | Z 03 ones A nglld 
z f 5 wunaray tno iT 
Gos = of [ ce ths 
3 2 
oe 5 
< PHOTOPIC = 9:98 
tu RESPONSE (HUMAN ETE (a) 
La 
02 
45 0.01 
N 
s 
le} 
3c0, 400 500 600 700 800 7000-100 ric ae 
WAVECENGTH IN NANOMETERS 
2.001 
40 30 100 300 ik 3k 10k 
Dwg. No. A-12.135A LIGHT LEVEL IN pWicm Baeiectns 
PROPABATION DELAY OUTPUT CURRENT 
AS A FUNCTION OF ILLUMINANCE AS A FUNCTION OF SUPPLY VOLTAGE 


10,000 Wlem? 


LOOOLUWiem? 


ELAY IN MILLISECONDS 


OUTPUT CURRENT IN mA 


DE 


100 nu Wicm? 


ra) ia] 10 15 20 as 
SUPPLY VOLTAGE IN VOLTS 


iG 30 100 300 iK 3K 10K 
LIGHT LEVEL IN uWicme 


Dwg. No. A-12.138A Dwg. No. A-12,137A 
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3311 AND 3312 
PRECISION LIGHT SENSORS 


LIGHT-LEVEL DETECTOR 
USING PLS 


ULN-33117T 


OR 
ULN-3312T 


wey 


Vret 
Dwg. No. A-14,270 


FIGURE 1 


DIFFERENTIAL EDGE DETECTOR 


Dwg. No. A-11,995 


FIGURE 2 


SENSOR-CENTER LOCATION 


ye PHOTO-SENSITIVE AREA 
/ 0.041" DIA. (1.04mm) 


CENTER ON 0.130" (3.30 mm) 
PIN 2 WITHIN 0.110" (2.74 mm) 
40.010" (0.254 mm) | 


ww 


3 


4 


Dwg. No. A-14,275 


APPLICATIONS INFORMATION 


Photocells exhibit a change in resistance proportional to light 
intensity. However, they are highly inaccurate. They exhibit light 
memory, which makes their response dependent on the previous 
light level. 


Phototransistors exhibit no light memory, but show as much as 
50% variation in sensitivity among parts of the same type due to 
process and beta variations. Output current as a function of light level 
is linear only over a very small range. 


Photodiodes have an output current that is a linear function of 
illumination, but the output is very small. The output current is typically 
in the range of tens of nanoamperes. These devices also show wide 
unit-to-unit sensitivity variations. 


These precision light sensors are two-terminal replacements for 
photocells, phototransistors, and photodiodes. They are internally 
calibrated, have relatively high output currents, and are linear over a 
very wide range of light levels. Low-level amplifiers and adjustable 
controls can be eliminated. The precision light sensors are also ideal 
for use in arrays where matched characteristics are often required. 
Unpackaged chips are available on special order. 


TYPICAL APPLICATIONS 


Figure 1 shows a ULN3311T or ULN3312T integrated circuit 
replacing a photocell or phototransistor for the precise linear detection 
of a light level. Use of the precision light sensor eliminates the need for 
external calibration because it is calibrated to an :nitial accuracy of 
better than 7.2% during manufacture. 


in Figure 2, two precision light sensors are used in a differential 
configuration to detect the edge of an object. When the light level on the 
first sensor is half of that on the second, the circuit switches. This circuit 
operates over a wide range of ambient light levels. No external calibra- 
tion is required. 


RELATIVE RESPONSE AS A FUNCTION OF 
THE ANGLE OF INCIDENCE 


RELATIVE RESPONSE 


Q. 
100-80 60 40 20 0 20 40 60 80 = 100 


INCIDENT ANGLE, @ IN DEGREES 


Dwg. No. A-12,134 


432 


3330, 3360, 


3363 


OPTOELECTRONIC SWITCHES 


The ULN3330T/TA, ULN3360T, and ULN3363T optoelectronic 
switches provide light detection and low-level signal processing in 
single three-lead packages. The monolithic integrated circuits, requiring 
no external components, meet the need for cost-effective, light-sensing 
devices in consumer and industrial applications. Their high sensitivity 
makes them ideal for low-level light detection in optically noise-free 
environments. 


ULN3330/60/63T 


Each optoelectronic IC includes a 0.030" x 0.030" (0.76 x 0.76 mm) 
photodiode, a high-gain current amplifier, a comparator with 12% 
hysteresis, output driver stage, and voltage regulator. 


The ULN3330T/TA and ULN3360T switches turn ON as illumination 
of the photodiode falls below 55 uW/cm? at 880 nm. An internal latch 
provides hysteresis: The output turns OFF when illumination exceeds 
the turn-on threshold by approximately 12%. 


The ULN3363T switch has an inverted output characteristic. It 
turns OFF as illumination falls beiow 55 uW/cm? at 880 nm; it remains 
OFF until increasing illumination at the photodiode typically reaches 
62 uWicm?. 


The ULN3330T/TA and ULN3363T have buffered open-collector 
outputs for current-sink applications. Typical loads include incandescent 


lamps, LEDs, sensitive relays, or dc motors. 
Dwg. PH-069 


Output circuitry for the ULN3360T includes an internal 5.4 kQ 
pull-up resistor that enables its direct use with microprocessors and 
TTL logic. 


FEATURES 


B Photodiode with: 
On-Chip Amplifier 
On-Chip Comparator with Hysteresis 
On-Chip Power Driver 
On-Chip Voltage Regulator 
@ Sensitive Switch Points 
H Operation to 30 kHz 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Misia aes che alent 15V 
Output Voltage, Vayp.. 2. eee 15V 
Output Current, lye wee 25 mA 
Operating Temperature Range, 

Th -40°C to +70°C 


Storage Temperature Range, 
*Tiestacetieeh eee Sethe MS eet 8 -55°C to +110°C 


Always order by complete part number, e.g.,] ULN3330T |. 
See matrix on next page. 


a a a ee 
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3330, 3360, 3363 
OPTOELEC TRONIC SWITCHES 


ULN3330TA 
FUNCTIONAL BLOCK DIAGRAM 


“7 
(3360 Only) 
! 

1! OUTPUT 


GROUND 


So 
jee ou 
= fol Dwg. No. A-13,264 
=) an) 
Oo ” 


GROUND 


Owg. PH-010 


Pinout (1-2-3) 
OUT-GND-V,., 
GND-OUT-V., 


OUT-GND-V,, 
OUT-GND-V,, 


ULN3330T 
ULN3330TA 


ULN3360T 5.4 kQ Pull-Up 
ULN3363T Inv. Open Collector 


Open Collector 


Open Collector 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V_,, = 6.0 V, \ = 880 nm 


Limits 


Characteristic Symbol Test Conditions Min. Typ. 


Supply Voltage Range 


Supply Current 
Light Threshold Level Output ON 45 55 

— OFF —— 6 
10 13 
=15mA _ 300 
= 25 mA — 500 


Output Fall Time es 90% to 10% = 200 
Output Rise Time 10% to 90% — 200 
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Hysteresis 


Outpt ON Voltage 


3330, 3360, 3363 
OPTOELECTRONIC SWITCHES 


TYPICAL TRANSFER CHARACTERISTICS 


ULN3330T/TA AND ULN3360T 


OUTPUT VOLTAGE, Voyt 


ILLUMINATION, E 


Dwg. No. A-11,128 


ULN3363T 


OUTPUT VOLTAGE, Voyr 


ILLUMINATION, E 


Owg. No. A-13,265 


SENSOR LOCATIONS 


0.060": 0.005” 
(152mm * 0.13mmM) 


i 


PHOTOSENSITIVE AREA 
0.030" x 0.030” 
(0.76mm x 0.76mm) 


Owg. No. A-13,301 


SUFFIX ‘TA’ 


0.008” +t 0.005” 
(0.20mm * 0.13mm) 


0.065" + 0.005” 
(.65mm * 0.13mm) 


— 


PHOTOSENSITIVE AREA 
0.030” x 0.030” 
(0.76mm x 0.76mm) 


Dwg. No. A-11,994C 
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3330, 3360, 3363 
OPTOELECTRONIC SWITCHES 


RELATIVE SPECTRAL RESPONSE AT T, = +25°C 
AS A FUNCTION OF WAVELENGTH OF LICHT 


z 
12-7 Oh, 
ae 
a« 
& 8 
i 10 
ro) La 
e : 
w rT RADIOMETRIC 
W os ' RESPONSE 
{SILICON 
z H PHOTODIODE } 
G 06 
i in \ 
a 
un 
nl 
Z 0.4 
q 
rm 
= i 
0.2 8 
= 
é 
z 
ie] 


3CO 400 SOO 600 700 800 900 1000, 1100 
WAVELENGTH IN NANOMETERS 


Dwg. No. A-12,135A 


PROPAGATION DELAY 
AS A FUNCTION OF LIGHT LEVEL 


100 
2 
fa) 
= 
fe} 
oO 
Ww 
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HIGH LIGHT LEVEL IN wW/cm? 
(LOW LIGHT LEVEL = O) 


Dwg. No. A-12,308 
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OUTPUT SATURATION VOLTAGE AS A FUNCTION 
OF OPERATING TEMPERATURE 


SATURATION VOLTAGE IN mV 


-40 -20 ° +20 +40 +60 +70 
OPERATING TEMPERATURE IN °C 


Dwg. No. A-12,307 


LIGHT-THRESHOLD CHANGE AS A FUNCTION 
OF OPERATING TEMPERATURE 


LIGHT THRESHOLD CHANGE IN PERCENT 


-40 -20 ° +20 +40 +60 = +70 
OPERATING TEMPERATURE IN °C 


Dwg. No. A-12,309 


3330, 3360, 3363 a2 
OPTOELECTRONIC SWITCHES 


TYPICAL APPLICATIONS* 
BAR CODE READER OPTICAL ISOLATOR 


i> 
api | 
OPTICAL WAVEGUIDE 


Owg. No, A-13,266 Dwg. No. A-13,267 


SHEET DETECTOR 


if 
| 
PLATEN 


’ uw 
TRANSMISSIVE Se PAPER 


\ 
i PLATEN 
\\ 


Dwg. No. A-13,268 Dwg. No. A-13,269 


REFLECTIVE 


N® 


OPTICAL ENCODER 


EMITTER-DETECTOR 
ASSEMBLY 


ENCODING WHEEL 


Dwg. No. A-13.270 Dwg. No. A-13,271 


“Optics and ambient light shields omitted for clarity. 
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Dwg. PH-009 


ABSOLUTE MAXIMUM RATINGS 


Supply Voitage, Vo, 
Output Voltage, V4,,, 
Output Current, lou, 


Operating Temperature Range, 
Whats d waa nels “40°C to +85°C 


r 
AC 

Storage Temperature Range, 
pesca taest ae eariina ee eee -55°C to +110°C 


OPTOELECTRONIC SWITCH 
—TWILIGHT SENSOR 


Designed for use in twilight sensing applications and in emergency 
and outdoor lighting, the ULN3390T optoelectronic switch is a mono- 
lithic integrated circuit containing a photodiode, low-level amplifier, 
comparator, voltage regulator, and output driver. The comparator is 
fabricated to give the sensor a built-in typical hysteresis value of 50 
percent. 


With temperature-compensated trip points, protection against 
damage by bright light, and increased hysteresis values, the ULN3390T 
represents a significant design improvement over previous optoelec- 
tronic switches. The integrated sensor is more stable over time and 
temperature than cadmium sulfide cell assemblies, requires fewer 
components, and has calibrated switching characteristics. 


The UNL3390T switch typically turns ON as :llumination falls below 
10 uW/cm? at 880 nm. Internal hysteresis prevents deactivation until 
illumination exceeds 20 p.W/cm?. The switching points can be factory- 
adjusted to customer specifications. 


FEATURES 


M Photodiode with On-Chip 
Amplifier 
Comparator 
Output Driver 
Voltage Regulator 
@ 50% Hysteresis 
HB Temperature Compensation 


Always order by complete part number: ULN3390T |. 


3390 
OPTOELECTRONIC SWITCH 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V_,, = 6 V (unless otherwise noted). 


Output Saturation Voltage 
Vout #15 V, E > ope 
E 


Light Threshold Level 


E 


FUNCTIONAL BLOCK DIAGRAM 


Dwg. W-154 
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3390 
OPTOELECTRONIC SWITCH 


SENSOR-CENTER LOCATION 


4. 


0.060" * 0.005" 
(152mm t 0.13mmM) 


— 


PHOTOSENSITIVE AREA 
0.030” x 0.030" 
(0.76mm x 0.76mm) 


Dwg. No. A-13,301 


RELATIVE SPECTRAL RESPONSE AT T, = +25°C 
AS A FUNCTION OF WAVELENGTH OF LIGHT 


PEAK LED 
EMISSION 


RESPONSE 


{SILICON 
PHOTODIODE ) 


| PHOTOPIC 
RESPONSE [HUMAN EYE) 


RELATIVE SPECTRAL RESPONSE 


INFRARED 


300 400 500 600 700 800 900 1000, =100 
WAVELENGTH IN NANOMETERS 


Uwa. No. A-12.1354 
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Pinning is shown viewed from branded side. 
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SUPPLY 
G 


Dwg. PH-006 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vigo... eee eee es 16V 
Output Current, lour codes tye Bg ad atone 4mA 
Magnetic Flux Density,B ....... Unlimited 
Operating Temperature Range, 

Ts Gey wen arte a ace 0°C to +70°C 
Storage Temperature Range, 

Digg Seales urea ns aida, - 65°C to +150°C 


LINEAR OUTPUT 
HALL EFFECT SENSORS 


Utilizing the Hall effect for sensing a magnetic field, UGN3501U and 
UGN3501UA integrated circuits provide a linear single-ended output 
that is a function of magnetic field intensity. 


These devices can sense relatively small changes in a magnetic 
field — changes that are too small to operate a Hall effect switch. They 
can be capacitively coupled to an amplifier, to boost the output to a 
higher level. 


The UGN3501U/UA include a Hall cell, linear amplifier, emitter- 
follower output, and a voltage regulator. Integrating the Hall cell and the 
amplifier into one monolithic device minimizes problems related to the 
handling of millivolt analog signals. 


Both devices are rated for continuous operation over the tempera- 
ture range of 0°C to +70°C and over a supply voltage range of 8 V to12 V. 


FEATURES 


@ Excellent Sensitivity 

@ Flat Response to 25 kHz (typ.) 
@ Internal Voltage Regulation 

@ Excellent Temperature Stability 


Always order by complete part number: 
Part Number Package 
UGN3501U —3-Pin Mini-SIP 
UGN3501UA | 3-Pin Ultra-Mini-SIP 


3501 | 
LINEAR OUTPUT HALL EFFECT SENSORS 


FUNCTIONAL BLOCK DIAGRAM 


REG. 
@) OUTPUT 
4kQ 


@) GROUND 


Dwg. FH-006 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V... = 12. V 


Limits 


Characteristic Symbol Test Conditions Min. 


ee A es 
L 


Operating Voltage 
Supply Current 
Quiescent Output Voltage 


Sensitivity = 1000 G, Notes 1, 2 0.35 


ff at-3 dB _ 
f = 10 Hz to 10 kHz = 
NOTE 1. All output voltage measurements are made with a voltmeter having an input impedance of 10 kQ or greater. 


NOTE 2. Magnetic flux density is measured at the most sensitive area of the device, which is 0.017" + 0.001” (0.43 + 0.03 mm) below the branded side 
of the “U’ package. 


Vv 
B=0G, Note 1 2.5 


Voc 
loc 
Vour 
Wout 
Frequency Response BW 
Broadband Output Noise e, 
Ro 


Output Resistance 
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OUTPUT VOLTAGE (VOLTS) 


NORMALIZED SENSITIVITY 


3501 
LINEAR OUTPUT HALL EFFECT SENSORS 


NORMALIZED SENSITIVITY 
AS A FUNCTION OF V., 


10 
Veo (vOuTS) 


Dwg. No. A-10,522 


OUTPUT VOLTAGE AS A FUNCTION 
OF MAGNETIC FLUX DENSITY 


NOTE: NORTH P 
THE NORTH PCL 
THE BRANDED SIDE 
PACKAGE, 


1000 2000 


a 3906 
NORTH POLE 


MAGNETIC FLUX DENSITY (GAUSS 


Dwg. No. A-10,523 


OUTPUT VOLTAGE IVOLTSi 


NORMALIZED SENSITIVITY 


AS A FUNCTION OF TEMPERATURE 


NORMALIZED SENSITIVITY 


fp 
aes ees 
oe : 
ee eee 


ca 


bok 
[Yeo ¢ 12 v 


\8 1000 GAUSS 
Ve ce 
Re FD ka 


Dwg. No. A-10,521 


OUTPUT VOLTAGE 
AS A FUNCTION OF AIR GAP 


10 20 30 ar 50 
AIR GAP D, iiNCHES? 


Dwg. No. A-10,519 
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3501 
LINEAR OUTPUT HALL EFFECT SENSORS 


NOISE SPECTRAL DENSITY 
AS A FUNCTION OF FREQUENCY 


NOISE IN pvems /V Hz 


10 100 1000 10,000 
FREQUENCY, Hz 


Dwg. No. A-10,520A 
TYPICAL APPLICATIONS 


SENSITIVE PROXIMITY DETECTOR FERROUS METAL SENSOR 


FERROUS 


—_——_» 
N Ss 
AVy 10 mV 


D = 0.250" 


LOBE OR COG SENSOR 


Ce IF 


For reference only - an Alnico VII! permanent magnet, 0.212” (5.38 mm) in diameter and 0.187" (4.75 mm) long is approximately 800 gauss at the 
surface. A samarium cobalt permanent magnet, 0.100" (2.54 mm) square and 0.040" (1.02 mm) thick is approximately 12C0 gauss at its surface. 
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SUPPLY 


Dwg. PH-906 


Pinning is shown viewed from branded side 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vag... -. eee eee 8V 

Magnetic Flux Density,B ...... Unlimited 

Operating Temperature Range,T, 
UGN3503U'UA....... ~20°C to +85°C 
UGS3503U/UA ...... -40°C to +125°C 


Storage Temperature Range, 
let desc siadincniga teeth -65°C to +150°C 


RATIOMETRIC, LINEAR 
HALL EFFECT SENSORS 


Type UGN3503U/UA and UGS3503U/UA Hall effect sensors 
accurately track extremely small changes in magnetic flux density— 
changes generally too small to operate Hall effect switches. 


As motion detectors, gear tooth sensors, and proximity detectors, 
they are magnetically driven mirrors of mechanical events. As sensitive 
monitors of electromagnets, they can effectively measure a system's 
performance with negligible system loading while providing isolation 
from contaminated and electrically noisy environments. 


Each Hall effect integrated circuit includes a Hall sensing element, 
linear amplifier, and emitter-follower output stage. Problems associated 
with handling tiny analog signals are minimized by having the Hall ceil 
and amplifier on a single chip. 


The UGN3503U and UGN3503UA are rated for continuous opera- 
tion over the temperature range of -20°C to +85°C. The UGS3503U and 
UGS3503UA operate over an extended temperature range of -40°C to 
+125°C. 


FEATURES 


m Extremely Sensitive 

@ Flat Response to 23 kHz 

@ Low-Noise Output 

M 4.5 V to 6 V Operation 

@ Magnetically Optimized Package 


Always order by complete part number: 


| PartNumbers Operating Temp. | Package 

| UGN3503U -20°C to +85°C 3-Pin Mini-SIP 
UGN3503UA 3-Pin Ultra-Mini-SIP 
UGS3503U -40°C to +125°C =| «= 3-Pin Mini-SIP | 
UGS3503UA | 3-Pin Ultra-Mini-SIP | 
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3503 
RATIOMETRIC, LINEAR HALL EFFECT SENSORS 


FUNCTIONAL BLOCK DIAGRAM 


Dwg. FH-007 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V0= 5 V 


Quiescent Output Voltage B=0G 


Output Resistance Rour Poe 


All output-voltage measurements are made with a voltmeter having an input impedance of at least 10 kQ. 


Magnetic flux density is measured at most sensitive area of device located 0.016" +0.002" (0.41 mm +0.05 mm) 
below the branded face of the ‘U' package. 
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33503 
RATIOMETRIC, LINEAR HALL EFFECT SENSORS 


OUTPUT VOLTAGE AS A 
FUNCTION OF TEMPERATURE 


OUTPUT IN VOUS 


4020 o = ° 85 125 
AMBIENT TEMPERATURE IN C 


Dwg. No. A-12,573 


SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 
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SUPPLY VOLTAGE IN VOLTS 
* Dwg. No. A-12,506 


OUTPUT NULL VOLTAGE AS A 
FUNCTION OF SUPPLY VOLTAGE 
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SUPPLY VOLTAGE IN VOUS 


Dwg. No. A-12,508 


OUTPUT NOISE AS A 
FUNCTION OF FREQUENCY 
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OUTPUT NOISE INuVrms y Hz 


FREQUENCY IN Hy 


Dwg. No. A-12,505 


DEVICE SENSITIVITY AS A 


FUNCTION OF SUPPLY VOLTAGE 
2.5 = 
| Ta = + 25°C 
o 20 Sh eS 
“| 
= | 
OF : 30 55. x 


SUPPLY VOLTAGE IN VOLTS Dwg. No. A 12,507 


LINEARITY AND SYMMETRY AS A 
FUNCTION OF SUPPLY VOLTAGE 


oor 7 Ss 


" OUTPUT SYMMETRY 


YMMETRY IN PERCENT 


LINFARIFY AND 5 


7 ro -8 siectek aS ee eee 
45 5.0 5.5 6.0 
SUPPLY VOLTAGE IN VOLTS 


Dwg. No.. A-12,5098 
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3503 
RATIOMETRIC, LINEAR HALL EFFECT SENSORS 


OPERATION 


The output null voltage (B = 0 G) is nominally one-half the supply 
voltage. A south magnetic pole, presented to the branded face of the 
Hall effect sensor will drive the output higher than the null voltage level. 
A north magnetic pole will drive the output below the null level. 


NOTCH SENSOR 


In operation, instantaneous and proportional output-voltage levels 
are dependent on magnetic flux density at the most sensitive area of 
the device. Greatest sensitivity is obtained with a supply voltage of 6 V, 
but at the cost of increased supply current and a slight loss of output 
symmetry. The sensor's output is usually capacitively coupled to an 
amplifier that boosts the output above the millivolt level. 


In two applications shown, a permanent bias magnet is attached 
with epoxy glue to the back of the epoxy package. The presence of 
ferrous material at the face of the package acts as a flux concentrator. 


The south pole of a magnet is attached to the back of the package 
Dwg. No. A-12,574 if the Hall effect IC is to sense the presence of ferrous material. The 
north pole of a magnet is attached to the back surface if the integrated 
GEAR TOOTH SENSOR circuit is to sense the absence of ferrous matrial. 


Calibrated linear Hall devices, which can be used to determine the 
actual flux density presented to the sensor in a particular application, 
are available. 


SENSOR LOCATIONS 


SUFFIX “U” 


ACTIVE AREA DEPTH 


0.016’ g 
0.41 mm 
NOM 


Dwg. No. A-12,512 - 
CURRENT MONITOR 
BRANDED 
SURFACE 
Dwg. MH-002-5 
SUFFIX “UA” 
ACTIVE AREA DEPTH 
0.017" 
~ 0.43 mm 
NOM 
BRANDED 
SURFACE 
Dwg. No. A-12,513 
Dwg. MH-01 1-3 
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2140 


PROTECTED PowWERHALL® SENSOR 


OUTPUT 


SUPPLY 
GROUND 


Pinning is shown viewed from branded side. 


Dwg. PH-001 


ABSOLUTE MAXIMUM RATINGS 


at TY, = 425°C 
Supply Voltage, VEG ot ti aiecths ere ed 28V 
Reverse Battery Voltage, Va... -..- +. -45V 


Output OFF Voltage. Voip... eee ee 45V 
Over-Current Protected Output Voltage, 

M ifpe tds Sota Sse as. ares ce reset 25V 
Output ON Current, lepers cee 900 mA* 
Magnetic Flux Density,B ........ Unlimited 
Package Power Dissipation, 

Pik tacit vik eteican in vie ah ee? See Graph 
Operating Temperature Range, 

Me cite iis bso *avais dew ft y ee -40°C to +85°C 


ie otdeitier Way wd Ceorethaced d -65°C to +150°C 


* Output is current limited at approximately 900 mA 
and junction temperature limited if current in excess 
of 900 mA is attempted. See Circuit Description and 
Applications for further information. 


— LAMP/SOLENOID DRIVER 


The UGQ5140K unipolar Hall effect switch is a monolithic 
integrated circuit designed for magnetic actuation of low-power 
incandescent lamps or inductive loads such as relays or solenoids. 
Included on chip is a Darlington power output that is capable of continu- 
ously sinking in excess of 300 mA. Internal protection circuitry limits 
surge (lamp turn-ON) or fault currents to approximately 900 mA. A 
sensitive magnetic threshold allows the device to be used in conjunc- 
tion with inexpensive magnets or in applications that require relatively 
large operating distances. 


Each sensor/driver includes a magnetic sensing Hall voltage 
generator, operational amplifier, Schmitt trigger, voltage regulator, and 
an open-collector, high-gain Darlington power output stage. The 
regulator allows use of the device with supply voltages of 4.5 V to 28 V. 
On-chip compensation circuitry stabilizes switch-point performance over 
temperature. The magnetic operation of this device is similar to that of 
the UGN3140U Hall effect switch. 


The sensitive magnetic switch point coupled with the power output, 
current limiting, and thermal limiting circuitry allow the UGQ5140K to 
magnetically actuate various loads without requiring any external 
components. 


The UGQ5140K is rated for operation over an extended tempera- 
ture range of -40°C to +85°C. It is supplied in a four-pin mini-SIP 
plastic package. 0.200" (5.08 mm) wide, 0.130” (3.30 mm) high, and 
0.060" (1.54 mm) thick. 


FEATURES 


M Magnetically Actuated Power Switch 
@ Temperature-Compensated Switch Points 
M@ High Current Sink Capability 
300 mA Continuous 
900 mA Peak Current Limit 
Output Short Circuit Protection 
Low Quiescent Standby Current 
Linear Thermal Limiting 
Automotive Temperature Range 
-40°C to +85°C, Operating 
Internal Inductive Flyback/Clamp Diode Protection 
Reverse Battery Protection 
Low-Profile 4-Pin Mini-SIP 


Always order by complete part number: | UGQ5140K| . 
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35140 
PROTECTED PowrerHALL* SENSOR 


ELECTRICAL CHARACTERISTICS at T, = -40°C to +85°C, Vee =4.5 Vto24V 
(unless otherwise noted). ; 


Limits 
Test Conditions 


Characteristic 


Supply Voltage Range 


cee ae 
Pa 
i 


Operating 


Diode Forward Voltage 
Diode Leakage Current 


a 


Typical Datais at T, = +25°C andis for design information only. 


MAGNETIC CHARACTERISTICS at V_,. = 4.5 V to 24 V. 


Characteristic Symbol 


Magnetic Operate Point ie eae 
Magnetic Release point ae 100 180 
Prmeess [| 


FUNCTIONAL BLOCK DIAGRAM 


Ve 

REV. BATTERY 

PROTECTION 
3. — —@ DIODE 


| T @) OUTPUT 
THERMAL || CURRENT 
LIMIT LIMIT 
eras 


«<<1Q 


T, = +25°C 


T, =-40°C to +85°C 


Typ. Max. 


50 25 Q 25 50 75 100 125 150 
AMBIENT TEMPERATURE IN 'C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


Dwg. GH-001 


to GROUND 


Dwg. FH 901 
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PROTECTED PowrERHALL 


SENSOR 


TYPICAL OPERATING CHARACTERISTICS 
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TYPICAL TRANSFER CHARACTERISTICS 


at Ey = +25°C 


[hour 2 


OUTPUT VOLTAGE IN VOLTS 


r—=Voutisati 


0 25 50 75 100 125 150 
MAGNETIC FLUX DENSITY IN GAUSS 
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175 200 


Dwg GH-007 


CIRCUIT DESCRIPTION AND 
OPERATION 


The UGQ5140K merges state-of-the-art 
Hall effect sensing and power driving tech- 
nologies to allow precision non-contact 
actuation of incandescent lamps or inductive 
loads. It is rated for operation over an 
extended temperature range as typically 
required in automotive applications. 


Magnetic Operation 
As shown in the Transfer Characteristics 

graph, the output of the device (pin 2) 
switches low when the nagnetic field at the 
Hall sensor exceeds the operate point thresh- 
old (B,,). At this point, the output voltage is 

oursaty When the magnetic field is reduced 
to below the release point threshold (B,,,), the 
device output goes high. The difference in 
the magnetic operate aid release points is 
called the hysteresis (B,,) of the part. This 
built-in hysteresis allows clean switching of 
the output even in the presence of external 
mechanical vibration arid electrical noise. 


Current and Thermal Limiting 


Output short circuits may be caused by 
faulty connectors, crimped wiring harnesses, 
or blown loads. In sucti cases, current and 
thermal limit circuitry will protect the output 
transistor against destruction. 


Current through the output transistor is 
sensed with a low-value on-chip aluminum 
resistor. The voltage drop across this resistor 
is fed back to control the base drive of the 
output stage. This feedback prevents the 
output transistor from exceeding its maximum 
current density rating bv limiting the output 
current to approximately 900 mA. It may also 
cause the output voltage to increase (V,,,,, = 
Veg - Uae X RJ). In this mode, the device 
will dissipate an increased amount of power 
(P, = Vour X liar) and the output transistor will 
be thermally stressed. This stress, unless 
protected against (as in the UGQ5140k), will 
cause the device junction temperature to rise 
until it fails catastrophically. 


5140 
PROTECTED PowrerRHALL* SENSOR 


Thermal stress protection is provided in 
two manners; delta temperature protection. 
and junction temperature protection. Under 
worst-case conditions (see Figures 1 and 2). 
if the output is shorted to supply, the output 
transistor will heat up much faster than the 
rest of the integrated circuit. This condition 
could cause localized failure in the output 
transistor. To prevent damage, a delta 
temperature limiting scheme is used. Ifa 
large thermal gradient is sensed across the 
device, the output transistor base drive is 
reduced to lower the output current. This 
reduces the power (heat) generated by the 
output transistor. 


When thermal! stresses cause the junc- 
tion temperature to reach approximately 
+165°C, a linear thermal limiting circuit is 
activated. This circuit linearly reduces the 
base drive of the output transistor to maintain 
a constant junction temperature of 165°C. In 
this mode, the output current will be a func- 
tion of the heat dissipating characteristics of 
the package and its environment. Linear 
thermal limiting eliminates the low-frequency 
thermal oscillation problems experienced by 
thermal shutdown (ON-OFF) schemes. 


The output characteristics are shown in 
Figures 1 and 2. Note the three distinct 
operating regions: peak limit. delta limit, and 
thermal limit. In practice the output voltage 
and current may exhibit some oscillations 
during peak current limiting due to output load 
characteristics. These oscillations are of 
very-short duration (typically 50 ms) and may 
be damped with an externa! capacitor be- 
tween pins 2 and 4. 


When the fault condition that caused the 
output overload is corrected. the device 
returns to normal operating mode. 


FIGURE 1 
OUTPUT CURRENT UNDER SHORT-CIRCUIT 
CONDITIONS 


NOT TO SCALE 


PEAK CURRENT LIMIT 
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FIGURE 2 
OUTPUT VOLTAGE vs OUTPUT CURRENT 
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FIGURE 3 
TYPICAL LAMP DRIVER APPLICATION 
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FIGURE 4 
LAMP CURRENT vs TIME 
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TYPICAL APPLICATIONS 


Incandescent Lamp Driver 


High incandescent lamp turn-ON currents 
(commonly called in-rush currents) can con- 
tribute to poor lamp reliability and destroy 
semiconductor lamp drivers. Warming 
resistors protect both driver and lamp but use 
significant power when the lamp is OFF while 
current-limiting resistors waste power when 
the lamp is ON. Lamps with steady-state 
current ratings to 300 mA can be driven by 
the UGQ5140K (Figure 3) without the need 
for warming or current I:miting resistors. In 
applications using several sensor/drivers to 
control multiple lamps, the internal clamp 
diodes may be connected together to an 
appropriate current-limiting resistor and 
simple “lamp test” switch. 


As shown in Figure 4, when an incandes- 
cent lamp is initially turned ON, the cold 
filament is at minimum resistance and will 
normally allow a 10x to12x peak in-rush 
current. As the lamp warms up, the filament 
resistance increases to its rated value and the 
lamp current is reduced to its steady-state 
rating. When switching a lamp with the 
UGQ5140K, the internal current-limiting 
circuitry limits the peak current to approxi- 
mately 900 mA. The device will stay in the 
current limit and delta temperature limit 
modes until the lamp resistance increases to 
its rated steady-state value (Figure 4). A 
side-effect of this current-limiting feature is 
that lamp turn-on times will increase. Typical 
lamp turn-on times are shown in Figure 5. 


Inductive Load Driver 


Connecting the internal clamp diode (pin 
3) to the positive supply allows relays or other 
inductive loads to be driven directly, as shown 
in Figure 6. The internal diode prevents 
damage to the output transistor by clamping 
the high-voltage spikes which occur when 
turning OFF an inductive load. An optional 
external Zener diode can be used to increase 
the flyback voltage, providing a much faster 
inductive load turn-OFF current decay, 
resulting in faster dropcut (reduced relay 
contact arcing), and improved performance. 
The maximum Zener voltage, plus the load 
supply voltage, plus the clamp diode forward 
voltage should not exceed 35 volts. 
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FIGURE 5 SENSOR LOCATION AREA 
LAMP TURN-ON TIME 
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FIGURE 6 
TYPICAL RELAY/SOLENOID DRIVER APPLICATION 
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SUPPLY 
OUTPUT 
GROUND 


Dwg, PH-002 


Pinning is shown viewed from branded side. 


ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Supply Voltage, Vo, 
Magnetic Flux Density, B Unlimited 
Output OFF Voltage, Vip... eee 60 V 
Output ON Current, I, 

Continuous 

Peak (Start Up) 
Operating Temperature Range, 

Tighe dette tet 89 Anta tanks -20°C to +85°C 
Storage Temperature Range, 

cTigeas rhepatitants Rei nageas doen -65°C to +150°C 
Package Power Dissipation, 
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COMPLEMENTARY OUTPUT 
POWER HALL” LATCH 


Type UGN5275K latching Hail effect sensors are bipolar integrated 
circuits designed for electronic commutation of brushless de motors. 
They feature open-collector complementary power outputs that are 
capable of sinking up to 300 mA continuously. Increased current 
ratings, complementary outputs, and sensitive switching points that 
are stable over temperature and time ideally suit these devices for 
minimum-component brushless dc motor designs. 


Each sensor IC includes a Hall voltage generator, an operational 
amplifier, a Schmitt trigger, a voltage regulator, and large-area dual 
NPN output transistors. The regulator enables the IC to operate with 
supply voltages ranging from 4.5 V to 14 V. On-chip compensation 
circuitry stabilizes switch point performance over temperature. The 
large bipolar junction output transistors are fed by a unique driver stage 
which minimizes power dissipation within the IC. The magnetic opera- 
tion of this device is similar to that of the UGN3275K complementary- 
output Hall effect latch. 


Output Q of the IC switches to the LOW state when the internal Hall 
generator experiences a magnetic field that exceeds the rated operate 
point. Output Q switches HIGH within one ps of the Output Q change 
of state. When the device is exposed to a sufficient magnetic field of 
opposite polarity, Output Q returns to the HIGH state, and Output Q 
returns to the LOW state. 


The UGN5275K is rated for operation over a temperature range 
of -20°C to +85°C, and is supplied in an environmentally rugged, 
four-pin miniature plastic SIP. Please consult the factory for alternate 
packaging and custom magnetic requirements. 


FEATURES 


@ High Sink-Current Capability 

@ Magnetic Sensing, Complementary-Output Latch 
B On-Chip Schmitt Trigger Provides Hysteresis 

B Temperature-Compensated Switch Points 

B® Rugged, Low-Profile SIP 


Always order by complete part number: UGN5275k| ; 
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ELECTRICAL CHARACTERISTICS at T, = 425°C, Vee =~4.5 Vtol4V 
(unless otherwise noted). 


[ewswisie —T symiot_[ Tet constons Fn 
a 
ee 
P= es] 
eS ST AF 


Supply Current Ey =14V, tor Open 
Output Rise Time Pe See 3) Veg = 14V, R, = 45.2, C, = 20 pF 
Output Fall Time ee a Von =14V,R, = 450.C, = 20 oF 


Switch Time 
Differential 


MAGNETIC CHARACTERISTICS 


a= 425°C a = 720°C to +85°C 
Characteristic me 


a Ce 


NOTE: As used here, negative flux densities are defined as less than zero (algebraic convention). 


Veg = 14.V, R, = 45.2, C, = 20 pF 


14V TEST CIRCUIT 
FUNCTIONAL BLOCK DIAGRAM 


O Yous 


Murs Dwg. FH-002 


* Includes probe and test 
fixture capacitance 


Dwg. No. 1-14.408A 
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FIGURE 2 


MOTOR COIL DRIVER 


| MOTOR COILS 


| | O vcc 


L2 | 
WINDING #2 | 


u1 
WINDING #1 


| 
| 
| 
| 
DECOUPLE el 
C1 


AF Voc Q 
Minimum 
Value UGN5275 


GND Q 


SWITCH POINTS VERSUS APPLICATIONS 
TEMPERATURE 


The increased current sinking capability of the UGN5275K ideally 
UGN5275K suits it for building small, inexpensive brushless dc motors using a 
minimum number of external components. Figure 2 shows that the only 
components required to commutate motor windings L1 and L2 are the 
Hall effect IC, flyback diodes D1 and D2, and one decoupling capacitor. 
The remaining components are optional for improving motor perform- 
ance. Care should be taken to ensure that the motor winding imped- 
ances are high enough to guarantee that start-up surge currents do not 
exceed the maximum rating of the Hall effect IC. 


SWITCH POINTS (G} 


In the circuit shown, diodes D1 and D2 supp'y a flyback path for the 
current of each winding to prevent reactive voltages from exceeding the 
sustained voltage rating of the Hall-effect IC output transistors. Zener 
diode Z1 enables the windings to switch more rapidly by allowing the 
mF _ - output voltage to rise above the source voltage, while simultaneously 
7 TEMPERATURE (°C: clamping the extreme reactive voltages. 


The maximum output voltage level will be restricted to the following: 
Voc - Voa + V, + Vo, (blocking diode D3 voltage d-op). Blocking diode D3 
provides reverse input- polarity protection, and srould be used only if 
reverse battery voltage is a possibility. Capacitor C1 decouples the 
Hall-effect IC from any high dv/dt transients injected onto the V,,. rail to 
prevent regulator latch-up within the device. Zener diode Z2 and resistor 
R14 are required for operation from a V,,, exceeding 14 V. 
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HYSTERESIS CHARACTERISTICS 


Output Voltage in Volts 
Output Voltage in Volts 


-200 -100 0 100 200 -200 -100 0 100 200 
Magnetic Flux Density in Gauss Magnetic Flux Density in Gauss 


SENSOR LOCATION GUIDE TO INSTALLATION 
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BRANDED 


SURFACE Dwg. No. A-12,062 


1. All Hall Effect integrated circuits are susceptible to mechanical stress 
effects. Caution should be exercised to minimize the application of stress to 
Dwg. MH-001-3 the leads or the epoxy package. Use of epoxy glue is recommended. Other 
types may deform the epoxy package. 


2. To prevent permanent damage to the Hall cell, heat-sink the leads during 
hand-soldering. Recommended maximum conditions for wave soldering are 
shown in the graph above. 
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ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Supply Voltage, Vi. 
Output OFF Voltage, Vagp .- ee 
Output ON Current, Iau, 


Operating Temperature Range, 
-20°C to +85 C 


Storage Temperature Range. 
-65°C to +125°C 


HALL EFFECT VANE SWITCH 


A rugged magnetically activated Hall-effect vane switch, the 
UMN6450X can directly replace less robust optical equivalents. Ideal 
for critical applications requiring the ability to withstand hostile electrical, 
chemical and mechanical! environments, each vane switch is housed in 
a miniature plastic package that contains and protects the magnet and 
electronic circuitry. The housing includes a channel which precisely 
defines the path of vane travel. The device is available for through- 
board assemblies, and is supplied with a digital output. 


Each vane switch includes on a single monolithic chip, a voltage 
regulator, a quadratic Hall voltage generator, temperature compensa- 
tion circuitry, a signal amplifier, a Schmitt trigger and an open collector 
output transistor. The Hall effect device is optimized for the magnet 
installed in the housing. 


The Schmitt trigger provides hysteresis for turn-on and turn-off 
of the switch output for greater immunity to noise and imperfections 
in the vane. The on-chip regulator allows operation from supplies of 
4.5 to 24 V. The switch output can sink up to 20 mA. The output can 
directly interface with bipolar and MOS logic circuits. 


The UMN6450x is rated for operation over the industry-standard 
temperature range of -20°C to +85°C. 


The UMN6450xX is packaged in a three-pin plastic housing with 
0.050" (1.27 mm) lead spacing ready for circuit-board mounting. 


FEATURES 


M@ More Rugged Replacement for Optical Vane Switch 

™@ Reliable and Repeatable—No Mechanical Contacts to Wear Out 
@ On-Chip Schmitt Trigger Provides Hysteresis 

@ Temperature-Compensated Switch Points 

Hf Digital Output Compatible with All Logic Families 

@ 4.5 to 24 V Operation 


\ \& 
ea 


32, 
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6450 
DIGITAL VANE SWITCH 


FUNCTIONAL BLOCK DIAGRAM 


Dwg. FH-S95-1 


SWITCHING CHARACTERISTICS at T, = +25°C, Vee = 5V 


Switching characteristics are determined using a 1030 steel vane with dimensions of 0.035" x 0.50" (0.89 x 12.7 mm). 
The vane is centered laterally between the verticai faces of the slot at a height of 0.080" (3.81 mm) from the bottom of the slot. 


Switch Output Low-to-High. RRP.LRP ....... WR Winet Batetcaaes Sta ght Send es be htetahe Catia tel ont 0.015" +0.030" (0.38 mm +0.76 mm)! 
Switch Output High-to-Low, ROP. LOP ...... De pietient Went EO en eet mc Lhe aes tine any 0.030" +0.030" (0.76 mm +0.76 mm)? 
Hysteresis, LOP- LRP, ROP-RRP...... 2.2 ee rath cdtrcd’d 5 aban geen tare .. 0.008" (0.2 mm) min. 
Repeatability ..........0 0.0.0 0.0 eau ith gst HSeReED aoc hiya Rass ae PRS Bie abe ily Ba. a ak Ge . +0.001" (0.025 mm) max. 
Symmetry ? 
Output High, LOP- ROP .....00.0...... ROEM sisatectece Lihiaditu ds Saitidnbateh ti athe tt oa athe Aenea tans +0.005" (0.13 mm) typ. 
Output Low. LRP- RRP ............... senshi the ce UR OE NN SAoes Bed GR 8 ee ae Gey ae Battin Sieg reg ao £0.005 * (0.13 mm) typ. 
Hysteresis, (LOP - LRP) - (ROP - RRP) Hirai tomes fe uae Paes AE ees es Gee eA +0.002" (0.05 mm) max. 


NOTES: 1. Measured relative to either vertical leading ecge of the vane (depending o° direction of motion) and the device center line. 
2. Measured relative to either vertical trailing edge of the vane (depending on direction of motion) and the device center line. 
3. The difference between the distances from the center line at which switch po:nts occur as the vane travels through the slot from 
either direction 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vee = 4.5 Vto 24 V 
(unless otherwise noted). 


Characteristic Test Conditions 


Operating 
Vo = 24 V. Igyp = 20 mA 


Supply Voltage 


OUT 


Vour = 24V 
Veg = 4.5 V, Output Open 

Voo= 12V, R, = 820 Q. C, = 20 pF 
Vee =12V. R = 820 0. C, = 20 pF 


Output Saturation Voltage 


Output Leakage Current 


Supply Current 


Output Rise Time 


Output Fall Time 
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TYPICAL CHARACTERISTICS 
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6450 
DIGITAL VANE SWITCH 


APPLICATIONS INFORMATION 


VANE THICKNESS 

Increasing the thickness of the vane 
above 0.035" (0.89 mm) will move both switch 
points away from the center of the device. 
The increase in RRP and LRP will be larger 
than the increase in ROP and LOP which, in 
effect, reduces hysteresis. A vane thinner 
than 0.025" (0.64 mm) may be distorted by 
the force of the magnetic field and is therefore 
not recommended. 


VANE DEPTH 


The vane should be kept less than 0.120" 
(3.048 mm) from the bottom of the slot. The 
effect of depth on the switch points is minimal 


Dwg. MH-005 IN 


in this region. If the vane is more than 0.120" above the bottom of 
the slot, the switch points will move closer to the device center. If the 
distance is increased too much, the output will eventually fail to switch 


high. 
' 


0.25" 
(6.4 mm) 
‘ e _¢ 
a oe re 
fo! S ° S 


Dwg. MH-006 


VANE AND GAP WIDTH 


The vane must be of sufficient width to shunt the magnetic field 
away from the sensor. The gap between successive vanes must allow 
the magnetic field to increase to the point where it will operate the Hall 
sensor. A minimum vane width of 0.25" (6.4 mm) and a minimum gap 
between vanes of 0.25" (6.4 mm) is recommended. 


VANE LATERAL POSITION 


Shifting the vane plane of travel laterally toward the magnet tower 
will move the switch points closer to the device center and will also 
increase hysteresis. Conversely, shifting the vane plane of travel 
laterally toward the sensor tower will move the switch points away 
from the device center and will also decrease hysteresis. 


VANE MATERIAT, 


The vane material must have sufficient permeability to shunt the 
magnetic field away from the sensor. Low-carbon steel (1030 or lower), 
or other ferrous materials, are recommended. 


DIMENSIONS IN MILLIMETERS 
(Based on I" = 25.4 mm) 
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FIGURE 1 


FIGURE 2 


FIGURE 3 
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APPLICATIONS 


INFORMATION 


HALL EFFECT IC 
APPLICATIONS GUIDE 


Allegro Microsystems uses the latest bipolar integrated circuit 
technology in combination with the century-old Hall effect to produce 
Hall effect Cs. These are contactless, magnetically activated switches 
and sensors with the potential to simplify and improve systems. 


LOW-COST SIMPLIFIED SWITCHING 


Simplified switching is a Hall sensor’s strong point. Hall effect IC 
switches combine Hall voltage generators, signal amplifiers, Schmitt 
trigger circuits, and transistor output circuits on single integrated circuit 
chips. Output is clean, fast, and switched without bounce—an inherent 
problem with mechanical contact switches. A Hall effect switch typically 
operates at up to a 100 kHz repetition rate, and costs less than many 
common electromechanical switches. 


EFFICIENT, EFFECTIVE, LOW-COST LINEAR SENSORS 


The linear Hail effect sensor detects the motion, position, or change 
in field strength of an electromagnet, a permanent magnet, or a ferro- 
magnetic material with an applied magnetic bias. Energy consumption 
is very low. The output is linear and temperature-stable. The sensor's 
frequency response is flat up to approximately 25 kHz. 


A Hall effect sensor is more efficient and effective than inductive or 
optoelectronic sensors, and at a lower cost. 


SENSITIVE CIRCUITS FOR RUGGED SERVICE 


The Hail effect sensor is virtually immune to environmental contami- 
nants and is suitable for use under severe service conditions. The 
circuit is very sensitive and provides reliable, repetitive operation in 
close tolerance applications. The Hall effect sensor can see precisely 
through dirt and darkness. 


CURRENT APPLICATIONS 


Current applications for Hall effect ICs include use in ignition 
systems, speed controls, security systems, alignment controls, mi- 
crometers, mechanical limit switches, computers, printers, disk drives, 
keyboards, machine tools, key-switches, and pushbutton switches. 
They are also used as tachometer pickups, current limit switches, 
position detectors, selector switches, current sensors, linear potentiom- 
eters and brushless de motor commutators. 


THE HALL EFFECT SENSOR: 
HOW DOES IT WORK? 


The basic Hall sensor is a small sheet of semiconductor material 
represented by Figure 1. 


Aconstant voltage source, as shown in Figure 2, will force a 
constant bias current to flow in the semiconductor sheet. The output will 
take the form of a voltage measured across the width of the sheet that 
will have negligible value in the absence of a magnetic field. 
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FIGURE 4 
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FIGURE 5 


Dwg. No. 13.106 


FIGURE 7 


If the biased Hail sensor is placed in a magnetic field with flux lines 
at right angles to the Hall current (Figure 3), the voltage output is 
directly proportional to the strength of the magnetic field. This is the Hall 
effect, discovered by E. F. Hail in 1879. 


LINEAR OUTPUT HALL EFFECT DEVICES. 


The output voltage of the basic Hall effect sensor (Hall element) 
is quite small. This can present problems, especially in an electrically 
noisy environment. Addition of a stable high-quality dc amplifier 
and voltage regulator to the circuit (Figures 4 and 5) improves the 
transducer’s output and allows it to operate over a wide range of supply 
voltages. The modified device provides an easy-to-use analog output 
that is linear and proportional to the applied magnetic flux density. 


The UGN3501 is this type of linear output device. The UGN3503 
and UGS3503 have improved sensitivity and temperature-stable 
characteristics. The output of the UGN/UGS3503 is ratiometric; that is, 
its output is proportional to its supply voltage. 


DIGITAL OUTPUT HALL EFFECT SWITCHES 


The addition of a Schmitt trigger threshold detector with built-in 
hysteresis, as shown in Figure 6, gives the Hall effect circuit digital 
output capabilities. When the applied magnetic flux density exceeds a 
certain limit, the trigger provides a clean transition from OFF to ON 
without contact bounce. Built-in hysteresis eliminates oscillation (spuri- 
ous switching of the output) by introducing a magnetic dead zone in 
which switch action is disabled after the threshold value is passed. 


An open-collector NPN output transistor added to the circuit 
(Figure 7) gives the switch digital logic compatibility. The transistor is a 
saturated switch that shorts the output terminal to ground wherever the 
applied flux density is higher than the ON trip point of the device. The 
switch is compatible with all digital families. The output transistor can 
sink enough current to directly drive many loads, including relays, 
triacs, SCRs, LEDs. and lamps. 


The circuit elements in Figure 7, fabricated on a monolithic silicon 
chip and encapsulated in a small epoxy or ceramic package, are 
common to all Hall effect digital switches. Differences between device 
types are generally found in specifications such as magnetic param- 
eters, operating temperature ranges, and temperature coefficients. 


OPERATION 


All Hall effect devices are activated by a magnetic field. A mount 
for the the devices, and electrical connections, must be provided; 
Parameters such as load current, environmental conditions, and 
supply voltage must fail within the specific limits shown in the 
appropriate documentation. 


Magnetic fields have two important characteristics—flux density 
and polarity (or orientation). In the absence of any magnetic field, most 
Hall effect digital switches are designed to be OFF (open circuit at 
output). They will turn ON only if subjected to a magnetic field that has 
both sufficient density and the correct orientation. 
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Hall switches have an active area that is closer to one face of the 
package (the face with the lettering, the branded face). To operate the 
switch, the magnetic flux lines must be perpendicular to this face of the 
package, and must have the correct polarity. lf an approaching south 
pole would cause switching action, a north pole would have no effect. In 
practice, a close approach to the branded face of a Hall switch by the 
south pole of a small permanent magnet will cause the output transistor 
to turn ON (Figure 8). 


A Transfer Characteristics Graph (Figures 10 and 11) plots this 
information. It is a graph of output as a function of magnetic flux density 
(measured in gauss) presented to the Hall cell. The magnetic flux 
density is shown on the horizontal axis. The dig:tal output of the Hall 
switch is shown along the vertical axis. 


To acquire data for this graph, add a power supply and a pull-up 
resistor that will limit current through the output transistor and enable 
the value of the output voltage to approach zero (Figure 9). 


In the absence of an applied magnetic field (0 G), the switch is 
OFF, and the output voltage equals the power supply (12 V). A perma- 
nent magnet'’s south pole is then moved perpendicularly toward the 
active area of the device. As the magnet’s south pole approaches the 
branded face of the switch, the Hall cell is exposed to increasing 
magnetic flux density. At some point (240 G in this case), the output 
transistor turns ON and the output voltage approaches zero (Figure 10). 
That value of flux density is called the operate point. If we continue to 
increase the field’s strength, say to 600 G, nothing more happens. 

The switch turns ON once and stays ON. 


To turn the switch OFF, the magnetic flux density must fall to a 
value far lower than the 240 G “operate point” because of the built-in 
hysteresis. For this example we use 90 G hysteresis, which means the 
device turns OFF when flux density decreases to 150 G (Figure 11). 
That value of flux density is called the “release point”. 


CHARACTERISTICS AND TOLERANCES 


The exact magnetic flux density values required to turn Hall 
switches ON and OFF differ for several reasons, including design 
criteria and manufacturing tolerances. Extremes in temperature will also 
somewhat affect the operate and release points. 


For each device type, worst-case magnetic characteristics for the 
operate value, the release value, and hysteresis are provided. 


All switches are guaranteed to turn ON at or below the maximum 
operate point flux density. When the magnetic f-eld is reduced, all 
devices will turn OFF before the flux density drops below the minimum 
release point value. Each device is guaranteed to have at least the 
minimum amount of hysteresis to ensure clean switching action. This 
hysteresis ensures that, even if mechanical vibration or electrical noise 
is present, the switch output is fast, clean, and occurs only once per 
threshold crossing. 
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GETTING STARTED 


Since the electrical interface is usually straightforward, the design 
of a Hail effect system should begin with the physical aspects. In 
position-sensing or motion-sensing applications, the following questions 
should be answered: 


How much and what type of motion is there? 
What angular or positional accuracy is required? 


How much space is available for mounting the sensing device 
and activating magnet? 


How much play is there in the moving assembly? 


How much mechanical wear can be expected over the lifetime 
of the machine? 


Will the product be a mass-produced assembly, or a limited number 
of machines that can be individually adjusted and calibrated? 


What temperature extremes are expected? 
A careful analysis will pay big dividends in the long term. 


THE ANALYSIS 


The field strength of the magnet should be investigated. The 
strength of the field will be the greatest at the pole face, and will de- 
crease with increasing distance from the magnet. The strength of the 
magnetic field can be measured with a gaussmeter or a calibrated 
linear Hall sensor, such as a UGN3503U (see Appendix II). 


A plot of field strength (magnetic flux density) is a function of 
distance along the intended line of travel of the magnet. Hall device 
specifications (sensitivity in mV/G for a linear device, or operate and 
release points in gauss for a digital device) can be used to determine 
the critical distances for a particular magnet and type of motion. Note 
that these field strength plots are not linear, and that the shape of the 
flux density curve depends greatly upon magnet shape, the magnetic 
circuit, and the path traveled by the magnet. 


TOTAL EFFECTIVE AIR GAP (TEAG) 


Total effective air gap, or TEAG. is the sum of active area depth 
and the distance between the package’s surface and the magnet's 
surface. A graph of flux density as a function of total effective air gap 
(Figure 12A) illustrates the considerable increase in flux density at the 
sensor provided by a thinner package. The actual gain depends on the 
characteristic slope of flux density for a particular magnet. 


MODES OF OPERATION 


Even with a simple bar or rod magnet, there are several possible 
paths for motion. The magnetic pole could move perpendicularly 
straight at the active face of the Hall device. This is called the head-on 
mode of operation. The curve of Figure 12B illustrates typical flux 
density (in gauss) as a function of TEAG for a cylindrical magnet. 


The head-on mode is simple, works well, and is relatively insensi- 
tive to lateral motion. The designer should be aware that overextension 
of the mechanism could cause physical damage to the epoxy package 
of the Hall device. 
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A second possibility would be to move the magnet in from the side 
of the Hall device in the slide-by mode of operation, as illustrated in 
Figure 13. Note that now the distance plotted is not total effective air 
gap, but rather the perpendicular distance from the centerline of the 
magnet to the centerline of the package. Air gap is specified because 
of its obvious mechanical importance, but bear in mind that to do any 
calculations involving flux density, the “package contribution must be 
added and the TEAG used, as before. The slide-by mode is commonly 
used to avoid contact if overextension of the mechanism is likely. The 
use of strong magnets and/or ferrous flux concentrators in well-designed 
slide-by magnetic circuits will allow better sensing precision with smaller 
magnet travel than the head-on mode. 


Magnet manufacturers generally can provide head-on flux density 
curves for their magnets, but they often do not characterize them for 
slide-by operation, possibly because different air gap choices lead to an 
infinite number of these curves; however, once an air gap is chosen, the 
readily available head-on magnet curves can be used to find the peak 
flux density (a single point) in the slide-by application by noting the value 
at the total effective air gap. 


STEEP SLOPES—HIGH FLUX DENSITIES 


For linear Hall devices, greater flux changes for a given displacement 
give greater outputs, clearly an advantage. The same property is desir- 
able for digital Hall devices, but for more subtle reasons. To achieve 
consistent switching action in a given application, the Hall device must 
switch ON and OFF at the same positions relative to the magnet. 


To illustrate this concept, consider the flux density curves from two 
different magnet configurations in Figure 14. With an operate point flux 
density of 200 G, a digital Hall effect device would turn ON at a distance 
of approximately 0.14 inches in either case. If manufacturing tolerances 
or temperature effects shifted the operate point 1o 300 G, notice that for 
curve A (steep slope) there is very little change in the distance at which 
switching occurs. In the case of curve B, the change is considerable. 
The release point (not shown) would be affectec in much the same way. 
The basic principles illustrated in this example can be modified to include 
mechanism and device specification tolerances and can be used for 
worse-case design analysis. Examples of this procedure are shown in 
later sections. 


VANE INTERRUPTER SWITCHING 


In this mode, the activating magnet and the Hail device are mounted 
on a single rigid assembly with a small air gap between them. In this 
position, the Hall device is held in the ON state by the activating magnet. 
If a ferromagnetic plate, or vane is placed between the magnet and the 
Hall device, as shown in Figure 15, the vane forms a magnetic shunt 
that distorts the flux field away from the Hall device. 


Use of a movable vane is a practical way to switch a Hall device. 
The Hall device and magnet can be molded together as a unit, thereby 
eliminating alignment problems, to produce an extremely rugged switch- 
ing assembly. The ferrous vane or vanes that interrupt the flux could 
have linear motion, or rotational motion, as in an automotive distributor. 
Ferrous vane assemblies. due to the steep flux density/distance curves 
that can be achieved. are often used where precision switching over a 
large temperature range is required. 
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The ferrous vane can be made in many configurations, as shown in 
Figure 16. With a linear vane similar to that of Figure 168, it is possible 
to repeatedly sense position within 0.002" over a 125°C temperature 
range. 


ELECTRICAL INTERFACE FOR 
DIGITAL HALL DEVICES 


The output stage of a digital Hall switch is simply an open-collector 
NPN transistor. The rules for use are the same as those for any similar 
switching transistor. 


When the transistor is OFF, there is a small output leakage current 
(typically a few nanoamps) that usually can be ignored, and a maximum 
(breakdown) output voltage (usually 24 V), which must not be 
exceeded. 


When the transistor is ON, the output is shorted to the circuit 
common. The current flowing through the switch must be externally 
limited to less than a maximum value (usually 20 mA) to prevent 
damage. The voltage drop across the switch (Voeicay) Will increase for 
higher values of output current. You must make cea this voltage is 
compatible with the OFF, or “logic zero,” voltage of the circuit you wish 
to control. 


Hall devices switch very rapidly, with typical rise and fall times in 
the 400 ns range. This is rarely significant, since switching times are 
almost universally controlled by much slower mechanical parts. 


COMMON INTERFACE CIRCUITS 


Figure 17 illustrates a simplified schematic symbol for Hall digital 
switches (Types 3113. 3119, 3120, 3130, 3140). It will make further 
explanation easier to follow. 


Interface for digital logic integrated circuits usually requires only an 
appropriate power supply and pull-up resistor. 


With current-sinking logic families, such as DTL or the popular 7400 
TTL series (Figure 18A), the Hall switch has only to sink one unit-load 
of current to the circuit common when it turns ON (1.6 mA maximum for 
TTL). In the case of CMOS gates (Figure 18B), with the exception of 
switching transients, the only current that flows is through the pull-up 
resistor (about 0.2 mA in this case). 


Loads that require sinking currents up to 20 mA can be driven 
directly by the Hall switch. 


A good example is a light emitting diode (LED) indicator that 
requires only a resistor to limit current to an appropriate value. if the 
LED drops 1.4 V at a current of 20 mA, the resistor required for use with 
a 12 V power supply can be calculated as: 


12V-14V 
0.02A 


= 530 2 
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The nearest standard value is 560 2, resulting in the circuit of 
Figure 19. 


Sinking more current than 20 mA requires a current amplifier. For 
example, if a certain load to be switched requires 4 A and must turn ON 
when the activating magnet approaches, the circuit shown in Figure 20 
could be used. 


When the Hall switch is OFF (insufficient magnetic flux to operate), 
about 12 mA of base current flows through the 1 kQ resistor to the 
2N5812 transistor, thereby saturating it and shorting the base of the 
2N3055 to ground, which keeps the load OFF. When a magnet is 
brought near the Hail switch, it turns ON, shorting the base of the 
2N5812 to ground and turning it OFF. This allows: 


pias =210mA 
56 Q 
Dwg. No. 13,120 
FIGURE 19 of base current to flow to the 2N3055, which is enough to saturate it for 


any load current of 4 A or less. 


The Hall switch cannot source current to a load in its OFF state, but 
it is no problem to add a transistor that can. For exampie, consider 
using a 40669 triac to turn ON a 115 V or 230 V ac load. This triac 
would require about 80 mA of gate current to trigger it to the ON 
condition. This could be done with a 2N5811 PNP transistor, as shown 
below in Figure 21. 


When the Hall switch is turned ON, 9 mA of base current flows into 
the 2N5811, thereby saturating it and allowing it to supply 80 mA of 
current to trigger the triac. When the Hall switch is OFF, no base 
current flows in the 2N5811, which turns it OFF and allows no gate 
2N3055 current to pass to the triac. The 4.7 kQ and the 1 kQ resistors were 
added as a safeguard against accidental turn-on by leakage currents, 
particularly at elevated temperatures. 


Note that the +12 V supply common is connected to the low 
side of the ac line, and in the event of a mixup, the Hall switch and 
FIGURE 20 associated low-voitage circuitry would be 115 V above ground. 
Be careful! 
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ROTARY ACTIVATORS FOR HALL SWITCHES 


A frequent application involves the use of Hall switches to generate 
a digital output proportional to velocity, displacement, or position of a 
rotating shaft. The activating magnetic field for rotary applications can 
be supplied in either of two ways: 


A. MAGNETIC ROTOR 


B. FERROUS VANE ROTOR 


MAGNETIC ROTOR ASSEMBLY 


The activating magnet(s) are fixed on the shaft and the stationary 
Hall switch is activated with each pass of a magnetic south pole (Figure 
22A). If several activations per revolution are required, rotors can 
sometimes be made inexpensively by molding or cutting plastic or 
rubber magnetic material. Ring magnets can also be used. Ring 
magnets are commercially available disc-shaped magnets with poles 
spaced around the circumference. They will operate Hall switches 
dependably and at reasonable costs. 


Ring magnets do have limitations: 
The accuracy of pole placement (usually within 2 or 3 degrees). 
Uniformity of pole strength ( +5%, or worse). 


These limitations must be considered in applications requiring 
precision switching. 


FERROUS VANE ROTOR ASSEMBLY 


Both the Hail switch and the magnet are stationary (Figure 22B); 
the rotor interrupts and shunts the flux with the passing of each ferrous 
vane. 


Vane switches tend to be a little more expensive than ring magnets 
but because the dimensions and configuration of the ferrous vanes can 
be carefully controlled. they are often used in applications requiring 
precise switching or duty cycle control. 


, 


FIGURE 22 


Properly designed vane switches can have very steep flux density 
A. RADIAL i oes : , 

curves, yielding precise and stable switching action over a wide 
temperature range. 


RING MAGNETS FOR HALL SWITCH APPLICATIONS 


Ring magnets suitable for use with Hall switches are readily avail- 
able from magnet vendors in a variety of different materials and con- 
figurations. The poles may be oriented either radially (Figure 23A) or 
axially (Figure 23B)} with up to 20 pole-pairs on a one-inch diameter 
ring. For a given size and pole count, ring magnets with axial poles 
have somewhat higher flux densities. 


B. AXIAL 
Materials most commonly used are various Alnicos, Ceramic 1, 
and barium ferrite in a rubber or plastic matrix materia!. Manufacturers 
usually have stock sizes with a choice of the number of pole pairs. 
Custom configurations are also available at a higher cost. 
Dwg. No. 13.124 
FIGURE 23 
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Alnico is a name given to a number of 
aluminum nickel-cobalt alloys that have a 
fairly wide range of magnetic properties. In 
general, Alnico ring magnets have the highest 
flux densities, the smallest changes in field 
strength with changes in temperature, and the 
highest cost. They are generally too hard to 
shape except by grinding and are fairly brittle, 
which complicates the mounting of bearings 
or arbor. 


Ceramic 1 ring magnets (trade names 
Indox, Lodex) have somewhat lower flux 
densities (field strength) than the Alnicos, and 
their field strength changes more with tem- 
perature; however, they are considerably 
lower in cost and are highly resistant to 
demagnetization by external magnetic fields. 
The ceramic material is resistant to most 
chemicals and has high electrical resistivity. 
Like Alnico, they can withstand temperatures 
well above that of Hall switches and other 
semiconductors, and must be ground if 


reshaping or trimming is necessary. They may require a support arbor 
to reduce mechanical stress. 


The rubber and plastic barium ferrite ring magnets are roughly 
comparable to Ceramic 1 in cost, flux density, and temperature coeffi- 
cient, but are soft enough to shape using conventional methods. It is 
also possible to mold or press them onto a shaft for some applications. 
They do have temperature limitations ranging from 70°C to 150°C, 
depending on the particular material, and their field strength changes 
more with temperature than Alnico or Ceramic 1. 


Regardless of material, ring magnets have limitations on the 
accuracy of pole placement and uniformity of pole strength which, in 
turn, limit the precision of the output waveform. Evaluations have shown 
that pole placement in rubber, plastic, and ceramic magnets usually 
falls within 2° or 3° of target, but 5° errors have keen measured. 
Variations of flux density from pole to pole will commonly be +5%, 
although variations of up to +30% have been observed. 


Figure 24 is a graph of magnetic flux density as a function of 
angular position for a typical 4 pole-pair ceramic ring magnet, one inch 
in diameter, with a total effective air gap of 0.065" (0.050" clearance 
plus 0.015" package contribution). It shows quite clearly both the errors 
in pole placement and variations of strength from pole to pole. 
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A frequent concern with ring magnets is ensuring sufficient flux 
density for reliable switching. There is a trade-off between the number 
of pole-pairs and the flux density for rings of a given size. Thus, rings 
with large numbers of poles have lower flux densities. It is important 
that the total effective air gap (TEAG) is kept to a minimum, since flux 
density at the Hall active area decreases by 5 G or 6 G per 0.001" for 
many common ring magnets. This is clearly shown in Figure 25, a 
graph of flux density at a pole as a function of TEAG for a typical 20- 
pole-pair plastic ring magnet. Also shown in Figure 25 is the effect of 
“package contribution” to the TEAG. The standard “U” package contrib- 
utes about 0.016". The other factor contributing to TEAG is mechanical 
clearance, which should be as small as possible, consistent with 
dimensional tolerances of the magnet, bearing tolerances, bearing 
wear, and temperature effects on the Hall switch mounting bracket. 


WHAT IS A BIPOLAR SWITCH? 


A bipolar switch. the UGN/UGS3130, has a maximum operate point 
of +150 G, a minimum release point of -150 G, and a minimum hyster- 
esis of 20 G at + 25°C; however, the operate point could be as low as 
-130 G (-150 G minimum release, 20 G minimum hysteresis) and the 
release could be as high as +130 G (+150 G maximum operate, 20 G 
minimum hysteresis). Figure 26A shows two cases of operate and 
release with one device operating at the maximum operate and release 
points, and the other with minimum operate and release points. 


In applications previously discussed, the Hall switch was operated 
(turned ON) by the approach of a magnetic south pole (positive flux), 
When the south pole was removed (flux approaches zero), the Hall 
switch had to release (turn OFF). On ring magnets, both south and 
north poles are present in an alternating pattern. The release point flux 
density becomes less important, for if the Hall switch has not turned 
OFF when the flux density goes to zero (south pole has passed), it will 
certainly turn OFF when the following north pole causes flux density to 
go negative. Bipolar Hall switches take advantage of this extra margin 
in release point flux values to achieve lower operate point flux densities 
a definite advantage in ring magnet applications. 


1 


THE BIPOLAR LATCH 


Unlike the Type 3130 bipolar switch, which may operate and 
release with a south pole or north pole, the bipolar latch offers a 
more precise control of the operate and release parameters. This 
Hall integrated circuit has been designed to operate (turn ON) with 
a south pole only; it will then remain ON when the south pole has 
been removed. In order to have the bipolar latch release (turn OFF), 
it must be presented with a north magnetic pole. This alternating south 
pole-north pole operation, when properly designed, will produce a duty 
cycle approaching 50%. 


The UGN3175 was designed specifically for applications requiring 
a tightly controlled duty cycle, such as in brushless dc motor commuta- 
tion. This was accomplished with the introduction of the bipolar latch 
in 1982. The 3175 has become very popular as a brushless de motor 
commutator, shaft encoder, speedometer element, and tachometer 
sensor. 


Duty cycle is controlled with an alternating magnetic field, as shown 
in Figure 26B. 
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DESIGN EXAMPLE 
Given: 


Operating temperature range of -20° 
to +85°C. 


Bipolar Hall switch UGN3130U in 
standard “U” package: 


Maximum operate point +200 G 
from -20° to + 85°C. 


Minimum release point -200 G 
from -20°C to + 85°C. 


Air gap package contribution 
0.016". 


Necessary mechanical clearance 
0.030". 


First, find the total effective air gap: 


TEAG = clearance + package 
contribution 


TEAG = 0.030" + 0.016" = 0.046" 


Now, determine the necessary flux 
density sufficient to operate the Hall switch, 
plus 40%. 


To operate the Hall switch, the magnet 
must supply a minimum of +200 G ata 
distance of 0.046" over the entire temperature 
range. Good design practice requires the 
addition of extra flux to provide some margin 
for aging, mechanical wear, and other impon- 
derables. If we add a pad of 100 G, a reason- 
able number, the magnet required must 
supply +300 G at a distance of 0.046" over 
the temperature range. 
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TEMPERATURE EFFECTS 
Unfortunately, magnet strength is affected by temperature to some 


degree. Temperature coefficients of some common magnetic materials 
are given below: 


Temperature Coefficient 
-0.2% to -0.3% per °C 
-0.15% to -0.2% per °C 
-0.02% to -0.03% per °C 
+0.01% per °C 


Rubber/Plastic 


Ceramic 1 
Alnico 2,5 
Alnico 8 


If we are considering a ceramic ring magnet with a worst-case 
temperature coefficient of -0.2%/°C, we must add some extra flux 
density to the requirement at room temperature to ensure that we still 
have +300 G per south pole at +85°C. This amount is: 


[(85°C - 25°C) x 0.2% /*C] 300 G = +36 G 


Thus, the flux density that will ensure that the Hall switch will operate 
over temperature is 300 G + 36 G = 336 G per south pole at +25°C. 


Follow the same procedure for the north pole requirements. If the 
magnet will supply +300 G per south pole and -300 G per north pole at 
+85°C, it will supply even more flux density per rorth pole at -20°C 
because of the negative temperature coefficient. 


In applications where temperature conditions are more severe, 
Ainico magnets are considerably better than the ceramic magnets 
we considered. it is also possible to order custom Hall switches with 
specifications tailored to your application. For example, you can specify 
a range of operate and release points at a particular temperature, with 
temperature coefficients for operate and release points, if that is better 
suited to your application. On a custom basis, Hall switches are avail- 
able with operate and release point temperature coefficients of less 
than 0.3 G/°C, and with operate flux densities of less than 100 G. 


If you intend to use a low-cost, low flux density ring magnet, then 
the UGN3130U device in the 0.060" package would be a good choice. 
The package contribution is 0.016", which results in a significant 
improvement in peak flux density from a magnet as shown in 
Figure 25. 


If the rotor drive can withstand an increased torque requirement, 
consider a ferrous flux concentrator. Flux density can be increased by 
10% to 40% in this manner. A concentrator of 0.03125" mild steel 
having the same dimensions as, and cemented to, the back surface of 
the Hall switch, will increase flux density by aboLt 10%. A return path of 
mild steel from the back side of the device to the adjacent poles can 
add even more. Often the functions of mounting bracket and flux 
concentrator can be combined. Additional information can be found in 
the section on flux concentrators. 
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FIGURE 27 
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RING MAGNETS 
—DETAILED DISCUSSION 


AN INEXPENSIVE ALTERNATIVE 


Innovative design can produce surprisingly good results. Rubber 
and plastic magnet stock comes in sheets. One side of the sheet is 
magnetic north; the other side is south. This material is relatively 
inexpensive and can easily be stamped or die-cut into various shapes. 


These properties prompted one designer to fabricate an inexpen- 
sive magnetic rotor assembly that worked very weil. The rubber magnet 
stock was die-cut into a star-shaped rotor form, as shown in Figure 27. 
A nylon bushing formed a bearing, as shown in Figure 28. 


Finally, a thin mild steel backing plate was mounted to the back of 
the assembly to give mechanical strength and to help conduct the flux 
back from the north poles on the opposite side. This actually served 
to form apparent north poles between the teeth; the measured flux 
between south pole teeth is negative. Figure 29 shows the completed 
magnetic rotor assembly, essentially a ring magnet with axial poles. 


The Hall switch was mounted with its active surface close to the top 
of the rotor assembly, facing the marked poles. There is some versatil- 
ity in this approach. as asymmetrical poles can be used to fabricate a 
rotor that wll allow trimmable ON time and, thus, work as a timing cam. 
Figure 30 illustrates a cam timer adjusted to 180° ON and 180° OFF. 


RING MAGNET SELECTION 


When you discuss your application with a magnet vendor, the 
following items should be considered: 


Mechanical Factors 


@ Dimensions and tolerances 

@ Mounting hole type and maximum eccentricity 
H Rotational speed 

M Mechanical support required 

HB Coefficient of expansion 


Magnetic Factors 


@ Poles: number. orientation, and placement accuracy 

m@ Flux density at a given TEAG (remember to add the Hall switch 
package contribution to the clearance figure) 

@ Magnetic temperature coefficient 


Environmental Factors 


@ Tolerance of the material to the working environment (temperature, 
chemical solvents, electric potentials) 
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Flux density curves from several typical from a three-pole-pair Ceramic 1 ring. Figure 34 shows the curves 
ring magnets are included to present an idea from a four-pole-pair Ceramic 1 ring, with and without a ferrous flux 
of what can be expected from various sizes concentrator. 
and materials. Figure 31 shows the curve for aft. ; ; 
a ring similar in size and material to that of Incoming inspection of ring magnets is always advisable. You can 
Figure 25, but with 10 pole-pairs instead of ensure the magnets are within the agreed upon magnetic specifications 
20 (note increased flux density values). by making measurements with a commercial gaussmeter, or a cali- 
Figure 32 shows the curve from a one pole- brated linear Hall device mounted in a convenient test fixture. Cali- 
pair Ainico 8 ring. Figure 33 shows the curve brated UGN3503U Hall devices and technical assistance are available. 
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FERROUS VANE 
ROTARY ACTIVATORS 


A ferrous vane rotor assembly is the 
alternative to magnetic rotors for rotary Hall 
switch applications. As shown previously, 

a single magnet will hold a Hall switch ON 
except when one of the rotor vanes interrupts 
the flux path and shunts the flux path away 
from the Hall switch. The use of a single sta- 
tionary magnet allows very precise switching 
by eliminating ring magnet variations, place- 
ment, and strength. Unlike the evenly spaced 
poles on ring magnets, the width of rotor 
vanes can easily be varied. It is possible 


2.5°D CUP VANE 
(150 G/DEGREE: 


FERROUS VANE 


ee. 


al 


i 


FERAOUS VANE 


to vary the Hall switch OFF and ON times, which gives the designer 
control over the duty cycle of the output waveform. Ferrous vane rotors 
are a good choice where precise switching is desired over a wide range 
of temperatures. As the vane passes between magnet and Hall switch, 
progressively more flux will be blocked or shunted. Smail variations in 
lateral position have a very small effect on the transition point. 


A FERROUS VANE IN OPERATION 


Figure 35 combines top and front views of a ferrous vane magnet/ 
Hall switch system with the graph of flux density as a function of vane 
travel produced by this system. Note that the drawings and the graph 
are vertically aligned along the horizontal axis. Position is measured 
from the leading edge of the vane to the centerline of the magnet/ 
Hall device. 
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Initially, when the vane is located entirely 
to the left of the magnet, the vane has no 
effect and the flux density at the sensor is at 
a maximum of 800 G. As the leading edge 
of the vane nears the magnet, the shunting 
effect of the vane causes the flux density to 
decrease in a nearly linear fashion. There, 
the magnet is covered by the vane and flux 
density is ata minimum. As the vane travels 
on it starts to uncover the magnet. This allows 
the flux to increase to its original value. After 
that, additional vane travel has no further 
influence on flux density at the sensor. 


A Hall switch located in the position of the 
sensor would initially be ON because of the 
presence of the magnetic field. Somewhere in 
the linearly decreasing region, the flux would 
fall below the release point, and the Hall 
switch would turn OFF. It would remain OFF 
until the increasing flux reaches the operate 
point for that particular Hall switch. Recall that 
the operate point flux density is greater than 
the release point flux density by the amount of 
hysteresis for that particular Hall switch. 


The interval during which the Hall switch 
remains OFF is determined by the actual 
width of the vane and the steepness of the 
magnetic slope, as well as by the operate and 
release point flux density values for the Hall 
switch. This interval is called the effective 
vane width, and it is always somewhat greater 
than the physical vane width. 


ROTOR DESIGN 


Two commonly used rotor configura- 
tions are the disk and the cup, as shown 
in Figure 36. 


The disk is easily fabricated and, hence, 
is often used for low-volume applications such 


Dwg. No. 13.113 


FIGURE 36 


as machine control. Axial movement of the rotor must be considered. 
Vane activated switches tolerate this quite well, but the rotor must not 
hit the magnet or the Hall switch. 


Cup rotors are somewhat more difficult to fabricate and so are more 
expensive, but dealing with a single radial distance simplifies calcula- 
tions and allows precise control of the output waveforms. For cup 
rotors, radial bearing wear or play is the significant factor in determining 
the clearances, while axial play is relatively unimportant. Cup rotors 
have been used very successfully in automotive ignition systems. The 
dwell range is determined by the ratio of the vane-to-window widths 
when the rotor is designed. Firing point stability may be held to +0.005 
distributor degrees per degree Celsius in a well-cesigned system. 


MATERIAL 


Vanes are made of a low carbon steel to minimize the residual 
magnetism and to give good shunting action. The vane thickness is 
chosen to avoid magnetic saturation for the value of flux density it must 
shunt. Vanes usually are between 0.03" and 0.06" thick. 


VANE/WINDOW WIDTHS, ROTOR SIZE 


Generally, the smallest vanes and window on a rotor should be at 
least one and one-half times the width of the magnet pole to provide 
adequate shunting action and to maintain sufficient differential between 
the OFF and ON vaiues of flux density. 


In Table 1, the maximum flux density (obtained with window cen- 
tered over the magnet, the minimum flux density (vane centered over 
the magnet), and the difference between the two values are tabulated 
for three cases: 


1. Vane and window width the same as magnet pole width. 


2. Vane and window width one and one-half times magnet 
pole width. 


3. Vane and window width two times the magnet pole width. 


In each case the magnet is 0.25" x 0.25" x 0.125" samarium cobalt; 
the air gap is 0.1"; the rotor vanes are made of 0.04" mild steel stock. 


TABLE 1 


Window Vane Width Factor 


Flux Density with 


Window Centered 630 G 


Flux Density with 
Vane Centered 


Flux Change Density 450G 


180G 


\f a small rotor with many windows and vanes is required, a minia- 
ture rare earth magnet must be used to ensure sufficient flux density for 
reliable operation. For example, a 0.1" cubical samarium cobalt magnet 
makes it practical to fabricate a 1.25" diameter rotor with as many as 10 
windows and vanes. With fewer vanes, even further size reduction is 
possible. 
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STEEP MAGNETIC SLOPES FOR CONSISTENT SWITCHING 


The flux density vane travel graph for most common vane configu- 
rations (Figure 35). is very nearly linear in the transition regions. The 
Hall switch operate and release points fall in these linear transition 
regions, and it is easily seen that if these values change, the position 
of the vane which causes the switching must change also. Figure 37 
shows the flux density as a function of vane position for two different 
magnetic circuits. In one case. the magnetic slope is 2.5 G/mil. In the 
second case, it is 5.0 G/mil. 


If the 2.5 G/mil system is used with a Hall switch known to have an 
operate point flux density of 300 G at + 25°C, the device would switch 
ON when the vane is 85 mils past the center of the window at this 
temperature. If the Hall switch operate point went up to 400 G ata 
temperature of +125°C (this represents Hall switch temperature coeffi- 
cient of 1 G/°C), the vane must move to 120 mils past center, a change 
in switching position of 45 mils. If the same Hall switch is used in the 
second system having the 5 mil’G slope, the operate point would shift 
only 20 mils, or half as much, since the slope is twice as steep. 


Slopes in typical vane systems range from 1 G/mil to 15 G/mil, and 
are affected by magnet type and size, the magnetic circuit, and the total 
effective air gap. !t is interesting to note that, although slide-by opera- 
tion can give very steep slopes. the transition point is much affected by 
lateral motion (change in air gap); therefore, vanes are often preferred 
for applications involving play or bearing wear. 


SMALL AIR GAPS FOR STEEP SLOPES 


The air gap should be as smal! as the mechanical system allows. 
Factors to be considered are: 


Vane material thickness and vane radius. 
Maximum eccentricity for cup vanes. 
Bearing tolerance and wear. 


Change in air gap with temperature due to 
mounting considerations. 
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FIGURE 38 


In Figure 38, two different samarium cobalt magnets are used ina 
vane system to illustrate the effects of changes in air gap and magnet 
size. Note that only the falling transition region is shown (transition 
regions are symmetrical). The distances on the horizontal axis have 
been measured from the leading edge of the vare. 


The term “air gap” as used in Figure 38 is nct the total effective air 
gap; but is simply the distance from the face of the magnet to the 
surface of the Hall switch. It does not include the package contribution. 
The “U” package is often used in ferrous vane applications because it 
has a shallow active area depth. 


eal 
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FLUX CONCENTRATORS 
PAY DIVIDENDS 


What if economic or size considerations 
dictated the smaller magnet used in Figure 
38, and mechanical considerations dictated 
the larger (0.125") air gap, but the resulting 
flux density and slope (Curve 8) were not 
good enough? Curve 7 in Figure 38 shows 
the very substantial improvement that can be 


achieved by adding simple flux concentrators. 


Those used in the example were 0.125" in 
diameter by 0.250" long, and were fastened 
behind the Hall switch. 


DESIGN EXAMPLE 


The magnet/concentrator configuration 
we just considered (Curve 7, Figure 38) 
seems to offer a high performance/cost ratio. 
Following is an evaluation of its use in an 
automotive ignition system using a 2.5" 
diameter cup rotor. 


The initial timing and wide operating 
temperature range requirements for this 
application have generally led designers to 
specify custom Hall switches in terms of the 
minimum and maximum operate or release 


point at +25°C, plus a maximum temperature coefficient on these 
parameters over the operating temperature range. Representative 
specifications might be: 


+25°C Operate Point, Minimum ........ cece cc cececeereereeeeens 300 G 
+25°C Operate Point, MaxiMUM occ cecccceccecsseesecseeesteaes 450G 
+25°C Release Point, Minimum oo... ce ceccccceeeceeeceeenseceeeeee 200G 


Temperature Coefficients: 
AO.P/A T. maximum = +0.7 G/’°C 


AR.P./A T, maximum = +1.0 G/°C 


Solid-state Hall effect ignition systems can be designed to fire 
either on operate or release of the Hall switch. We have arbitrarily 
chosen to have the system in this example fire when the switch oper- 
ates and, thus, the operate point specifications of the Hall switch 
(between 300 and 450 G at +125°C) will determine the amount of 
uncertainty in the initial timing of the spark. It is possible that the 
mechanical system would also make a contribution, but that is not 
considered here. 


Figure 39 shows the measured flux density at the position of the 
sensor as a function of the vane travel. The shape of the curve requires 
explanation: Because the flat minimum and maximum flux regions are 
irrelevant, it is convenient to measure from the vane’s leading edge to 
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FIGURE 39 
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edge of the vane to the magnet centerline 
while plotting data for the rising transition. 
(The same presentation would result if all 
data were plotted while a vane passed the 
magnet, the center low flux areas were 
snipped out, and the ends containing the 
linear transitions were pulled together.) From 
this graph, we can identify the magnetic slope 
of the transition regions for our system— 
approximately 5.67 G per 0.001" of vane 
travel. 


Calculations based on the rotor diameter 
(2.5") show we have 22 mils of vane travel 
per distributor degree. The 5.67 G/mil slope 
obtained from Figure 39 is equivalent to 125 
G per distributor degree. From the specifica- 
tions, it is known that the Hall switch will 
operate when flux is between 300 and 450 G, 
leaving a 150 G window of uncertainty. At 
+25°C, this will be: 


Distributor Degree _ 
125G 7 


150 Gx 


1.2 Distributor Degrees 


Additional contributions to the initial timing uncertainty will result if 
the total effective air gap is changed, as that would affect the shape or 
slopes of the magnetic flux density/vane travel curve of Figure 39. 
Factors to be considered are the magnet peak energy product toler- 
ances, as well as manufacturing tolerances in the final Hall switch/ 
magnet assembly. 


TEMPERATURE STABILITY OF OPERATE POINT 


The Hall switch operate point temperature coefficient is approxi- 
mately 0.2 G/°C for a UGN/UGS3130. To translate this into distributor 
degrees per degree Celsius, we take: 


0.2G Distributor Degrees 
SFX E 
°C 125G 


0.0016 Distributor Degrees/°C 


The distributor timing would, therefore, change 0.16 degrees for a 
temperature change of 100°C. 


A typical samarium cobalt magnet temperature coefficient is 
-0.04%/°C. A magnetic field of 375 G at +25°C would decrease to 360 
G at +125°C. For Figure 40, our system has a magnetic slope of 5.67 
G/mil, giving an additional vane travel requirement at +125°C of: 


(375 G-360 G) x 
5.67G 


= 2.7 mils 
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This translates to timing change of: 


Distributor Degree 


2.7 mils x 32 mils 


0.12 Distributor Degrees 
for a temperature change of 100°C. 


CALCULATING DWELL ANGLE AND 
DUTY CYCLE VARIATIONS 


The dwell angle in a conventional system 
is the number of distributor degrees during 
which the points are closed, which corre- 
sponds to the amount of time current can flow 
in the coil’s primary winding. In our example, 
current flows in the coil primary from the time 
the Hall switch releases until it operates, 
which is called the effective vane width. For 
nostalgic reasons we will assume an eight- 
cylinder engine, which requires a distributor 
rotor with eight windows and eight vanes of 
equal size. One window-vane segment thus 
occupies 45 distributor degrees and will fire 
one cylinder. Let us further assume a typical 
Hail switch operate point of 375 G at +25°C 
(A), and a +25°C release point of 260 G (B). 
From Figure 40 we find that the points will 
close 40 mils before the vane’s leading edge 
passes the magnet centerline; they open 60 
mils after the vane's trailing edge passes the 
magnet centerline. The effective vane width is 
greater than the mechanical vane width by an 
amount: 

Distributor Degree 


ils + 40 mi seas dca rth aterm at 
(60 mils + 40 mils) x 3D mils 


4.54 Distributor Degrees 


This gives a dwell angle of 
(45° + 4.54°) = 49.54 distributor degrees 
at +25°C. The duty cycie is: 


49.54° 


0° 


= 55.0% at +25°C. 


Using the specified worst-case tempera- 
ture coefficients, we calculate the new 
operate and release points at +125°C to be 
445 G (C) and 360 G (D), also shown in 
Figure 40. The dwell angle at +125°C would 


then be: sess 
45° + [rs mils + 58 mils) x pibulor peares peace | = 


22 mils 


50.9 Distribution Degrees 


The duty cycle is then: 
50.9° 
90° 


= 56.6% 


EFFECTS OF BEARING WEAR 


A +10 mil radial movement of the vane, with its position adjusted to 
the approximate operate point of the Hall switch, gave a measured 
change of +6 G. This translates into a change of: 


Distributor Degrees 
125G 
0.048 Distributor Degrees, 
which is equivalent to 0.097 crankshaft degrees. 


Gx 


MOUNTING ALSO AFFECTS STABILITY 


In the example above, it was assumed that the physical relationship 
between the Hall switch and the magnet was absolutely stable. In 
practice, it is necessary to design the mountings with some care if this 
is to be true. It has been found that supporting the magnet or Hall 
switch with formed brackets of aluminum or brass will often contribute 
a significant temperature-related error to the system. Use of molded 
plastic housings has proven to be one of the better mounting 
techniques. 


INDIVIDUAL CALIBRATION TECHNIQUES 


In some applications, it may be desirable to have the vane switch 
assemblies operate within a narrower range of vane edge positions 
than is possible with a practical operate point specification for the 
Hall switch; for example, if it were necessary to reduce the initial 
timing window in the previous case. One solution would be individual 
calibration. Possible techniques include: 


1) Adjusting the air gap by changing the magnet position. 
2) Adjusting the position of a flux concentrator behind the 
Hall switch. 


3) Adjusting the position of a small bias magnet mounted 
behind the Hall switch. 


4) Demagnetizing the magnet in small increments that would 
decrease the magnetic slope and, thus, increase the 
temperature effects. 


5) Adjusting the position of the Hall switch-magnet assembly 
relative to the rotor in a manner similar to rotating an 
automotive distributor to change the timing. 
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PUSH-PULL SLIDE-BY 
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OPERATING MODES 
HEAD-ON AND SLIDE-BY MODES 


The most common operating modes are head-on and slide-by. The 
head-on mode is simple and relatively insensitive to lateral motion, but 
cannot be used where overextension of the mechanism might damage 
the Hall switch. The flux density plot for a typical head-on operation 
(Figure 41) shows that the magnetic slope is quite shallow for low 
values of flux density, a disadvantage that generally requires extreme 
mechanism travel and extreme sensitivity to flux changes in operate 
and release points of the Hall switch. This problem can be overcome 
by selecting Hal! switches with higher operate and release properties. 


The slide-by mode is also simple, can have reasonably steep 
slopes (to about 10 G/mil) and has no problem with mechanism over- 
travel. It is, however, very sensitive to lateral play. as the flux density 
varies dramatically with changes in the air gap. This can be seen clearly 
in the curves of Figure 42, in which the flux density curves are plotted 
for actual slide-by operation with various air gaps. It is apparent that 
the operating mechanism can have little side play if precise switching 
is required. 


OPERATING MODE ENHANCEMENTS 
—COMPOUND MAGNETS 


PUSH-PULL 


Because the active area of a Hall switch is close to the branded 
face of the package, it is usually operated by approaching this face with 
a magnetic south pole. It is also possible to operate a Hall switch by 
applying a magnetic north pole to the back side of the package. While a 
north pole alone is seldom used, the push-pull configuration (simulta- 
neous application of a south pole to the branded side and a north pole 
to the back side) can give much greater field strengths than are pos- 
sible with any single magnet (Figure 43). Perhaps more important, 
push-pull arrangements are quite insensitive to lateral motion and are 
worth considering if a loosely fitting mechanism is involved. 


Figure 44 shows the flux density curve for an actual push-pull slide- 
by configuration that achieves a magnetic slope of about 8 G/mil. 


PUSH-PUSH 


Another possibility, a bipolar field with a fairly steep slope (which is 
also linear), can be created by using a push-push configuration in the 
head-on mode. (Figure 45) 


In the push-push mode, head-on configuration as shown in Figure 
45, the magnetic fields cancel each other when the mechanism is 
centered, giving zero flux density at that position. Figure 46 shows the 
flux density plot of such a configuration. The curve is linear and moder- 
ately steep at better than 8 G/mil. The mechanism is fairly insensitive to 
lateral motion. 
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BIASED OPERATION stronger field in the opposite direction approached the opposite face. 


It is also possible to bias the Hall switch (rigure: 47) 
by placing a stationary north or south pole 
behind it to alter the operate and release 
points. For example, a north pole attached 
to the reverse face would turn the device 
normally ON until a north pole providing a 


Figures 48-51 demonstrate four additional slide-by techniques. 
Compound magnets are used in push-pull, slide-by, edgewise configu- 
rations to achieve a magnetic slope of 17.4 G/mil. Rare earth magnets 
may be used to obtain substantially steeper slopes. A flux density curve 
of up to 100 G/mil is obtainable. 
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INCREASING FLUX DENSITY 
BY IMPROVING 
THE MAGNETIC CIRCUIT 


Magnetic flux can travel through air, 
plastic, and most other materials only with 
great difficulty. Since there is no incentive 
for flux from the activating magnet to flow 
through the (plastic and silicon) Hall device, 
only a portion of it actually does. The balance 
flows around the device and back to the other 
pole by whatever path offers the least resis- 
tance. (Figure 52) 


MILD STEEL 
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However, magnetic flux easily flows through a ferromagnetic 
material such as mild steel. The reluctance of air is greater by a factor 
of several thousand than that of mild steel. 


In a Hall device application. the goal is to minimize the reluctance 
of the flux path from the magnetic south pole, through the Hall device, 
and back to the north pole. The best possible magnetic circuit for a Hall 
device would provide a ferrous path for the flux, as shown in Figure 53, 
with the only “air gap” being the Hail device itself. 


While a complete ferrous flux path is usually impractical, unneces- 
sary, and even impossible in applications requiring an undistorted or 
undisturbed flux field, it is a useful concept that points the way to a 
number of very practical compromises for improving flux density. 


FLUX CONCENTRATORS 


Flux concentrators are low carbon (cold-rolled) steel magnetic 
conductors. They are used to provide a low reluctance path from a 
magnet’s south pole, through the Hall sensor, and back to the north 
pole. Flux concentrators can take many forms and will often allow use 
of smaller or less expensive magnets (or less expensive, less sensitive 
Hall devices) in applications where small size or economy are impor- 
tant. They are of value whenever it is necessary or desirable to in- 
crease flux density at the Hail device. Increases of up to 100% are 
possible. 


An example of the effectiveness of a concentrator is illustrated in 
Figures 54(A) and 54(B). 


(A) The south pole of a samarium cobalt magnet 0.25" square and 
0.125" long. is spaced 0.25" from the Hall switch. There is a 
flux density of 187 G at the active area. 


(B) With a concentrator 0.125” in diameter and 0.5" long, the flux 
density increases to 291 G. 


SIZE OF THE CONCENTRATOR 


The active area of the Hail device is typically 0.01" square. Best 
results are obtained by tapering the end of the concentrator to approxi- 
mately the same dimensions. With the “U” package, however, there is 
0.044" from the active area to the rear surface of the package. Due to 
this 0.044" distance. a slightly larger end to the concentrator results in 
higher values of flux density at the active area. If the end is too large, 
the flux is insufficiently concentrated. Figure 55(A), (B), and (C) illus- 
trates these effects using cylindrical flux concentrators and a 0.25" gap. 


The length of the concentrator also has an effect on the flux 
density. This is illustrated in Figure 56. 


Cylindrical concentrators were used here for convenience, but 
the body of the concentrator has little effect. The important factors 
are the shape, position. and surface area of the magnet end nearest 
the Hail sensor. 
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The effectiveness of other concentrator 
configurations can be measured easily by 
using a calibrated linear Hall device, such as 
the UGN3503U, or a commercial gaussmeter. 


MOUNTING THE MAGNET TO 
A FERROUS PLATE 


Mounting the magnet to a ferrous plate 
will give an additional increase in flux density 
at the Hall element. Using the same configu- 
ration as in Figure 55(C), which produced 291 
G, note the available flux attained in Figure 
57(A) and (B) with the addition of the ferrous 
plate. 


Figure 58 shows a possible concentrator 
for a ring magnet application. Using a flux 
concentrator that extends to both of the 
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adjacent north poles, flux density increases from 265 G to 400 G 
(0.015” air gap). Note that the concentrator has a dimple, or mesa, 
centered on the Hall device. In most applications, the mesa will give a 
significant increase in flux density over a flat mounting surface. 


ATTRACTIVE FORCE AND DISTORTED FLUX FIELD 


Whenever a flux concentrator is used, an attractive force exists 
between magnet and concentrator. That may be undesirable. 


FEED-THROUGHS 


An example of the use of a magnetic conductor to feed flux through 
a nonferrous housing is shown in Figure 59. A small electric motor has 
a 0.125" cube samarium cobalt magnet mounted in the end of its rotor, 
as shown. A 0.125" cube ferrous conductor extends through the alloy 
case with a 0.031" air gap between it and the magnet’s south pole. The 
Hall switch is mounted at the other end with a flux concentrator behind it. 
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In general, the feed-through should be of 
approximately the same cross-sectional area 
and shape as is the magnet pole. 


This concept can be used to feed flux 
through any non-ferrous material, such as a 
pump case, pipe, or panel. 


The two curves of Figure 60 illustrate the 
effects on flux density of increasing the length 
of the feed-through, as well as the contribu- 
tion by the flux concentrator behind the Hall 
switch. Values for curve A were obtained with 
the flux concentrator in place, those for curve 
B without it. In both cases, the highest flux 
densities were achieved with the shortest 
feed-through dimension L, which was 0.125", 
Peak flux density was 350 G with flux concen- 
trator in place, 240 G without it. 


HALL EFFECT DEVICE 


FIGURE 58 
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MAGNET SELECTION 


A magnet must operate reliably with the total effective air gap in the 
working environment. It must fit the available space. It must be mount- 
able, affordable, and available. 


FIGURES OF MERIT 
The figures of merit commonly applied to magnetic materials are: 


Residual Induction (B,) in gauss: How strong is the magnetic field? 


Coercive Force (H.) in oersteds: How well will the magnet resist 
external demagnetizing forces? 


Maximum Energy Product (BH...) in gauss-oersteds times 10°. 
A strong magnet that is also very resistant to demagnetizing forces 
has a high maximum energy product. Generally, the larger the energy 
product, the better, stronger, and more expensive the magnet. 
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Temperature Coefficient: The rate of 
change of the operate or release point over 
temperature, measured in gauss per degree 
Celsius. How much will the strength of the 
magnet change as temperature changes? 


MAGNETIC MATERIALS 


Neodymium (Ne-Fe B)—The new 
needymium-iron-boron alloys fill the need for 
a high maximum-energy product, moderately 
priced magnet material. The magnets are 
produced by either a powdered-metal tech- 
nique called orient-press-sinter or a new 
process incorporating jet casting and conven- 
tional forming techniques. Current work is 
being directed toward reducing production 
costs, increasing operating temperature 
ranges and decreasing temperature coeffi- 
cients. Problems relating to oxidation of the 
material can be overcome through the use of 
modern coatings technology. Maximum 
energy products range from 7.0 to 15.0 
MGOe depending on the process used to 
produce the material. 


Rare Earth—Cobalt is an alloy of a rare earth metal, such as 
samarium, with cobalt (abbreviated RE cobalt). These magnets are the 
best in all categories, but are also the most expensive by about the 
same margins. Too hard for machining, they must be ground if shaping 
is necessary. Maximum energy product, perhaps the best single 
measure of magnet quality, is approximately 16 x 10°. 


Alnico is a class of alloys containing aluminum, nickel, cobalt, iron, 
and additives that can be varied to give a wide range of properties. 
These magnets are strong and fairly expensive, but less so than RE 
cobalt. Alnico magnets can be cast, or sintered by pressing metal 
powders in a die and heating them. Sintered Alnico is well suited to 
mass production of small, intricately shaped magnets. It has more 
uniform flux density, and is mechanically supericr. Cast Alnico magnets 
are generally somewhat stronger. The non-oriented or isotropic Alnico 
alloys (1, 2, 3, 4) are less expensive and magnetically weaker than 
the oriented alloys (5, 6, 5-7, 8, 9). Alnico is too hard and brittle to be 
shaped except by grinding. Maximum energy product ranges from 
1.3 x 10® to 10 x 10°. 


Ceramic magnets contain barium or strontium ferrite (or another 


element from that group) in a matrix of ceramic material that is com- 
pacted and sintered. They are poor conductors of heat and electricity, 


TABLE 4 


Properties of Magnetic Materials 


Maximum Energy 
Product 


Material (Gauss-Oersted) 


R.E. Cobalt 16 x 10° 


Alnico 1, 2, 3, 4 1.3-1.7 x 108 


Alnico 5, 6, 5-7 4.0-7.5x 10 


Residual 
Induction 
(Gauss) 


: , | -0.02%C to 
5.5-7.5x10 0.42 -0.72x 10? |p psec 


Coercive Force 
(Oersteds) Comments 


Temperature 
Coefficient Cost 
79x10? 0.05% °C Highest Strongest, smallest, resists 
demagnetizing best 
Non-oriented 


Oriented 


0.02% °C to 


0.64 - 0.78 x 10° 0.03%/°C 


Alnico 8 5.0 - 6.0 x 10° 


-0.01%/*C to 
+0.01%/C 


Oriented, high coercive force, 


1.5-1.9x10° best temperature coefficient 


Alnico 9 10.5 x 10° 


1.6 x 10° Oriented, highest energy product 


Ceramic 1 2.2.x 10° 


Cunife 
Fe-Cr 


1.4 x 10° 


5.25 x 10° 13.5 x 10° 


Non-oriented. high coercive force, 
hard, bri:tle, non-conductor 


Partially oriented, very high coercive 
force, hard, brittle, non-conductor 


Fully oriented, very high coercive 
force, hard, brittle, non-conductor 


Ductile, can cold form and machine 


Medium- 
High 


Can machine prior to 
final agirg treatment 


0.2-1.2x 10° 1.4-3x 10° 


0.35 - 1.1 x 10° 


4-90 


1.3-2.3x 10° 


-.187%i°C to 
Neodymium 7-15x 10° 6.4 11.75 x 10° 5.3 -6.5 x 10° -.192%/°C 


Lowest | Can be molded, stamped, machined 


Flexible 


Non-oriented 
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are chemically inert, and have-high values of coercive force. As with 
Alnico, ceramic magnets can be fabricated with partial or complete 
orientation for additional magnetic strength. Less expensive than 
Alnico, they also are too hard and brittle to shape except by grinding. 
Maximum-energy product ranges from 1 x 10° to 3.5 x 10°. 


Cunife is a ductile copper base alloy with nickel and iron. it can be 
stamped, swaged, drawn, or rolled into final shape. Maximum energy 
product is approximately 1.4 x 10°. 


fron-Chromium magnets have magnetic properties similar to Alnico 
5, but are soft enough to undergo machining operations before the final 
aging treatment hardens them. Maximum energy product is approxi- 
mately 5.25 x 10°. 


Plastic and rubber magnets consist of barium or strontium ferrite in 
a plastic matrix material. They are very inexpensive and can be formed 
in numerous ways including stamping, molding, and machining, de- 
pending upon the particular matrix material. Since the rubber used is 
synthetic, and synthetic rubber is also plastic, the distinction between 
the two materials is imprecise. ln common practice, if a plastic magnet 
is flexible, it is called a rubber magnet. Maximum energy product 
ranges from 0.2 x 10° to 1.2 x 10°. 


CHOOSING MAGNET STRENGTH 


A magnet must have sufficient flux density to reach the Hall switch 
maximum operate point specification at the required air gap. Good 
design practice suggests the addition of another 50 G to 100 G for 
insurance and a check for sufficient flux at the expected temperature 
extremes. 


The data sheet on the UGN3120U Hall switch specifies a 350 G 
maximum operate point at +25°C. After adding a pad of 100 G, we have 
450 G at +25°C. If operation to +70°C is needed, the requirement is 
450 G+ 45 G = 495 G. (For caiculations, we use 0.7 G/°C operate point 
coefficient and 1 G/*C release point coefficient.) Since the temperature 
coefficient of most magnets is negative, this factor would also require 
some extra flux at room temperature to guarantee high-temperature 
operation. 


COERCIVE FORCE 


Coercive force becomes important if the operating environment 
will subject the magnet to a strong demagnetizing field, such as that 
encountered near the rotor of an ac motor. For such applications, a 
permanent magnet with high coercive force (ceramic, Alnico 8, or, 
best of all, RE cobalt) is clearly indicated. 


PRICE AND PEAK ENERGY PRODUCT 


The common permanent magnet materials and their magnetic 
properties are summarized in Table 4. The cost column shows the 
relationship between the price paid for a magnet and its peak energy 
product. 
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CURRENT LIMITING AND MEASURING 


CURRENT SENSORS 


Hall effect devices are excellent current- 
limiting or measuring sensors. Their response 
ranges from de to the kHz region. The con- 
ductor need not be interrupted in high-current 
applications. 


The magnetic field about a conductor is 
normally not intense enough to operate a Hall 
effect device (Figure 61). 


The radius, r, is measured from the 
center of the conductor to the active area of 
the Hall device. With a radius of 0.5" and a 
current of 1,000 A, there would be a magnetic 
flux density of 159 G at the Hall device. At 
lower current, use a toroid or closed magnetic 
circuit to increase the flux density, as illus- 
trated in Figure 62(A) and (B). 


With a 0.06" air gap for the “U” package, 
there would be 6 G/A per turn for Figure 
62(A), and 6 G/A for Figure 62(B). 


The core material can be of either ferrite 
or mild steel (C-1010) for low-frequency 
applications, and ferrite for high-frequency 
measurements. 


The main concerns are: 


That the core retains minimal field when 
the current is reduced to zero. 


That the flux density in the air gap is a 
linear function of the current. 


And that the air gap ts stable over the 
operating temperature range. 


The cross-sectional dimensions of the 


core are at least twice the air gap dimension to ensure a reasonably 
homogeneous field in the gap. For example, a toroid with a 0.06" gap 
would have at least a 0.12" x 0.12” cross-section. 


Another simple and inexpensive application is illustrated in Figure 
63. A toroid of the appropriate diameter is formed from mild steel stock, 
0.0625" thick and 0.1875" wide. The ends are formed to fit on each side 
of the central portion of the Hall device. One advantage of this tech- 
nique is that the toroid can be placed around a conductor without 
disconnecting the conductor. 


MULTI-TURN APPLICATIONS 


There are several considerations in selecting the number of turns 
for a toroid such as the one in Figure 62(A): 


Hall Switches 


Keep the flux density in the 200 G to 300 G range for a trip point. 
Devices can be supplied with a narrow distribution of magnetic param- 
eters within this range. If, for example, you want the Hall switch to turn 
ON at 10 A: 


N= __300G__ = 5 turns 


6GIAX1IOA 
It is possible to supply parts having a +20% operating point window 
in this range. 


Hall Linears 


It is desirable to have flux density in the 200 G to 300 G range to 
maximize the output signal/zero drift ratio. In using the UGN3501, for 
example, the zero drift is typically 0.15 mV/°C, so from 0°C to +70°C 
there would be typicaily a +7 mV zero drift. A sensitivity of 1.4 mV/G 
and a 300 G field would give a 420 mV output signal. 


a pr SE PR ES OT A SORE EL LO EE NE, 
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The UGN3501 also has a -0.3%/°C 
sensitivity coefficient. For example, a 420 mV 
output signal at 0°C would drop to 330 mV 
at +70°C. 


For low-current applications in which 
many turns are required. one can wind a 
bobbin, slip it over a core, and complete the 
magnetic circuit through the Hall device with a 
bracket-shaped pole piece, as shown in 
Figure 64. 
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With this bobbin-bracket configuration, it is possible to measure 
currents in the low milliampere range or to replace a relay using a Hall 
switch. To activate a Hall switch at 10 mA (+20%), using a device with a 
200 G (+40 G) operate point, bobbin windings require: 


N= re S = 3333 turns 


6 GIAXO.O1A 


It would be practical to tweak the air gap for final, more precise 
calibration. In all cases, be careful not to stress the package. 


OTHER APPLICATIONS FOR LENEAR SENSORS 


Type UGN3503U and UGS3503U Hall Effect linear sensors are 
used primarily to sense relatively small changes in magnetic field— 
changes too small to operate a Hall Effect switching device. They are 
customarily capacitively coupled to an amplifier, which boosts the 
output to a higher level. 


As motion detectors. gear tooth sensors, and proximity detectors 
(Figure 65), they are magnetically driven mirrors of mechanical events. 
As sensitive monitors of electromagnets. they can effectively measure 
a system's performance with negligible system loading while providing 
isolation trom contaminated and electrically noisy environments. 


Each Hall effect integrated circuit includes a Hall sensing element, 
linear amplifier, and emitter-follower output stage. Problems associated 
with handling tiny analog signals are minimized by having the Hall cell 
and amplifier on a single chip. 


The output null voltage of Type 3503 is nominally one-half the 
supply voltage. A south magnetic pole presented to the branded face of 
the Hall effect sensor will drive the output higher than the null voltage 
level. A north rragnetic pole will drive the output below the null level, 


In operation, instantaneous and proportional output-voltage levels 
are dependent on magnetic flux density at the most sensitive area of 
the device. Greatest sensitivity is obtained with a supply voltage of 6 V, 
but at the cost of increased supply current and a slight loss of output 
symmetry. The sensor's output is usually capacitively coupled to an 
amplifier that boosts the output above the millivolt level. 


In the two applications shown in Figures 66 and 67, permanent bias 
magnets are attached with epoxy glue to the back of the epoxy pack- 
ages. The presence of ferrous material at the face of the package then 
acts as a flux concentrator. 


The south pole of a magnet is attached to the back of the package 
if the Hall effect IC is to sense the presence of ferrous material. The 
north pole of a magnet is attached to the back surface if the integrated 
circuit is to sense the absence of ferrous material. 


Calibrated linear Hall devices, which can be used to determine the 
actual flux density presented to the Type 3503 sensor in a particular 
application, are available. 
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FERROUS METAL DETECTORS 


Two similar detector designs are illus- 
trated in Figures 68 and 69. The first senses 
the presence of a ferrous metal; the other 
senses an absence of the metal. The two 
sensing modes are accomplished simply by 
reversing the magnet poles relative to the 
UGN3501. The pole of the magnet is affixed 
to the unbranded side of the UGN3501 in 
both cases, 


Frequency response characteristics of 
this circuit are easily controlled by changing 
the value of the input decoupling capacitor for 
the low-frequency break-point. If high-fre- 
quency attenuation is desired, a capacitor can 
be used to shunt the feedback resistor. 


METAL SENSOR 


The north pole of the magnet is affixed to the back side of a 
UGN3501,. The sensor is in contact with the bottom of a 0.09375" epoxy 
board. A 20 mV output change (decrease) is produced as a 1" steel ball 
rolis over the sensor. This signal is amplified and inverted by the pA 
741C operational amplifier and drives the 2N8512 ON. 


NOTCH SENSOR 


The south pole of the magnet is fixed to the backside of a 
UGN3501. The sensor is 0.03125" from the edge of a steel rotor. A 
0.0625" wide by 0.125' deep slot in the rotor edge passing the sensor 
causes a 10 mV peak output change (decrease). This signal is ampli- 
fied and inverted by the uA 741C op amp and drives the 2N5812 ON. 


Note that, in both examples, the branded side of the UGN3501 
faces the material (or lack of material) to be sensed. In both cases, the 
presence (or absence) of the ferrous metal changes the flux density at 
the Hail Effect sensor so as to produce a negative going output pulse. 
The pulse is inverted by the amplifier to drive the transistor ON. 
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PRINTER APPLICATION 


The device in Figure 70 senses lobes on a character drum. Lobes 
are spaces 0.1875" apart around the circumference, are 0.25" long and 
rise 10 to 15 mils from the surface of the drum. 


A UGN3501 Hall effect linear |C sensor is used with an Indiana 
General Magnet Products Company SR8522 magnet. The north pole is 
affixed to the reverse side of the package. A flux concentrator is affixed 
to the branded face. Though it does not provide a flux return path, a 
concentrator will focus the magnetic field through the switch. 


The concentrator blade, shown in Figure 71, is aligned with the 
drum lobe at an air gap distance of 0.01". The output change is 10 mV 
peak, amplified as shown to develop a +3 V output from the operational 
amplifier, driving the transistor ON, as illustrated in Figure 72. 


Sensitivity is so great in this configuration that the UGN3501 output 
signal's baseline quite closely tracks eccentricities in the drum. This 
affects lobe resolution, but lobe position can still be measured. 


USING CALIBRATED DEVICES 
UGN3503U 


The calibrated Type 3503 is an accurate, easy-to-use tool for 
measuring magnetic flux densities. Each device is individually cali- 
brated and furnished with a calibration curve and sensitivity coefficient. 
Although calibration is performed in a south and north 500 G field, the 
UGN3503 is useful for measuring fields in both polarities to 1000 G. 


A closely regulated 5 V (£10 mV) power supply is necessary to 
preserve accuracy in calibrated UGN3503 flux measurements. An 
ambient temperature range of 21°C to 25°C must also be maintained. 


Connect P:n 1 to voltage V,,, Pin 2 to ground, and Pin 3 to a high- 
impedance voltmeter. Before use, the device should be powered-up 
and allowed to stabilize for one minute. 


The calibration curve affords the most convenient method of flux 
measurement. Subject the device to the field in question. Read the 
output voltage from the voltmeter and find that value on the chart X 
axis. Locate the intersection of the output level with the calibration trace 
and read the corresponding flux density on the chart's Y axis. 


The sensitivity coefficient can be used to calculate flux densities 
somewhat more precisely. First, determine the null output voltage of the 
device under 0 G or null field condition. Then, read the output of the 
device under an applied field condition by subjecting it to the flux in 
question. Magretic flux density at the device may be calculated by: 


5 Wome” Moyne *1000/S 
where AV.., = Output voltage under applied field in volts. 
NMiseids = Output null voitage in volts. 
$ = Sensitivity coefficient in mV/G. 
B = Magnetic flux density at the device in gauss. 
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GLOSSARY 


Active Area — The site of the Hall element on the 
encapsulated IC chip. 


Air Gap — The distance from the face of the magnetic 
pole to the face of the sensor. 


Ampere-turn (NI) — The mks unit of magnetomotive 
force. 


Ampere-turns/meter (Ni/m) — The mks unit of 
magnetizing force. One ampere turn per meter equals 
79.6 oersteds. 


Bipolar — A method of operating a Hall sensor using both 
north and south magnetic poles. 


Coercive Force (H.) — The demagnetizing force that 
must be applied to reduce the magnetic flux density in 
a magnetic material to zero. Measured in oersteds. 


Concentrator — Any ferrous metal used to attract 
magnetic lines of force. 


Gauss (G) — The CGS unit of magnetic flux density. 


Equivalent to one maxwell per square centimeter (Mx/cm®). 


One gauss equals 10° tesla. 
Gilbert — The CGS unit of magnetomotive force. 


Head-On — A method by which the Hall sensor is 
actuated. The magnetic field is increased and decreased 
by moving the magnetic pole toward and away from the 
sensor face. 


Maximum Energy Product (BH,,.) — The highest 
product of B and H from the demagnetization curve of a 
magnetic material. Given in gauss-oersteds x 10° (MGOe). 


Maxwell (Mx) — The CGS unit of total magnetic flux. 
One maxwell equals 10° webers. 
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Oersteds (Oe) — The CGS unit of magnetizing force. 
Equivalent to gilberts per centimeter (Gilberts/cm). 
One oersted equals 125.7 ampere-turns per meter. 


Remanent Induction (B,) — The magnetic induction that 
remains in a magnetic circuit after removal of an applied 
magnetomotive force. When there is no air gap in the 
magnetic circuit, remanent and residual induction are 
equal. With an air gap, remanence will be less than 
residual induction. Measured in gauss. 


Residual Induction (B,) — The flux density remaining in 
a closed magnetic circuit of magnetic material when the 
magnetizing force adequate to saturate the material is 
reduced to zero. Measured in gauss. 


Slide-by — A method which a Hall sensor is actuated. 
The magnetic field is increased and decreased as a 
permanent magnet is moved laterally past the sensor face. 


Tesla (T) — The mks unit of magnetic flux density. Equiva- 
lent to one weber per square meter (Wb/m?). One tesla 
equals 10* gauss. 


Toroid — A doughnut-shaped ring often composed of iron, 
steel or ferrite. 


Total Effective Air Gap (TEAG) — The distance from the 
face of a magnetic pole to the active area of a Hall Effect 
sensor. 


Unipolar —- A method of operatirg a Hall sensor using 
a single magnetic pole, usually the south pole. 


Vane — Any ferrous metal used to shunt a magnetic field 
away from the Hall sensor (at least 1.5 times the width of 
an associated magnet). 


Window — An opening in a vane at least 1.5 times the 
width of an associated magnet. 


HALL EFFECT IC APPLICATIONS GUIDE 


SOURCES FOR FERRITE TOROIDS AND MAGNETS 
As a convenience, some sources for ferrite toroids and magnets are listed below. 
Addresses and telephone numbers are correct to the best of our knowledge at time of printing. 


TOROID SUPPLIERS 


J.W. Miller Co. 

Division of Bell industries 
19070 Reyes Avenue 
P.O. Box 5825 


Rancho Dominguez, CA 90224 


213/537-5200 


Fair-Rite Products Corp. 
P.O. Box J 

Wallkill, NY 12589-0288 
914/895-2055 


MAGNET SUPPLIERS 


Amold Engineering 
P.O. Box G 
Marengo, IL 60152 
815/568-2000 


Bunting Magnetics Company 
1165 Howard St. 

Elk Grove Village, IL 60007 
312/593-2060 


Ceramic Magnetics, Inc. 
87 Fairfield Road 
Fairfield, NJ 07006 
201/227-4222 


Crucible Magnetics 

101 Magnet Dr. 
Elizabethtown, NJ 42701 
502/769-1333 


Hitachi Magnetics 
7800 Neff Road 
Edmore, MI 48829 
517/427-5151 


IG Technolog 

405 Elm Street 
Valparaiso, IN 46383 
219/462-3131 


Ogallata Electronics 
P.O. Box 59 
Ogallala, NE 69153 
308/284-4093 


Dexter Magnetic 
Materials Division 
400 Karin Lane 
Hicksville, NY 11801 
516/822-3311 


Recoma, Inc. 

2 Stewart Place 
Fairfield, NU 07006 
201/575-6970 


Magnetics 


900 East Butler Road 


P.O. Box 391 
Butler, PA 16001 
412/282-8282 


Dexter Magnetic Materials Division 


10 Fortune Drive 


Billerica, MA 01865 


508/663-7500 


Types 


Ainico, Ceramic, 


Multipole Ring 


Ainico, Ceramic, Plastic 


Ceramic, Multipole Ring 


Alnico, Rare Earth 


nico, Ceramic, 
are Earth 


n> 


Alnico, Ceramic. 
Multipole Ring, Rare Earth 


Ceramic, Multipole Ring 


Representatives of 
various manufacturers. 
Dexter Magnetic also 
does custom grinding. 


Rare Earth 


Neosid inc. 


28 Main Street 
Eatontown, NJ 07724 
201/389-4411 


Ferrox/Division of Amperex Corp. 


5083 Kings Highway 


Saugerties, NY 12477 
914/246-2811 


Stackpole Carbon Co. 
Magnet Division 

700 Elk Ave.’ 

Kane, PA 16735 
814/837-7000 


TDK Corporation of America 
Head Office 

1600 Feehanville Drive 
Mount Prospect, IL 60056 
312/803-6100 


The Electrodyne Company 
4188 Taylor Road 

Batavia, OH 45103 
513/732-2822 


Xolox Corporation 
6932 Gettysburg Pike 
Ft. Wayne, IN 46804 
219/432-0661 


3-M Plastiform 

3-M Center 
Industrial Electric 
Products Div. 
Building 225-4N 

St. Paul, MN 55144 
Attn: James Fenwick 
800/328-1373 


Magnaquench 

Div. of Gen. Motors 
6435 S. Scatterfleld Rd. 
Anderson, IN 460114 
317/646-2763 


Dynacast Co. 

921 Albion Ave. 
Schaumburg, IL 60193 
312/351-6100 


Ceramic, Flexible Plastic 


Rare Earth 


Plastic 


Plastic, Multipole Ring 


Plastic 


Neodymium 


FL 
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APPLICATIONS 


INFORMATION 


FIGURE 1 
If no magnetic field is present, the voltage 


measured across the width of the semiconductor 
materia! of the Hall-effect sensor is zero. 


FIGURE 2 
The output voltage of a Hall-effect sensor is 
directly proportional to the magnetic field present 
at right angles to the direction of current flow 
through the sensor. 


OUTPLT VOLTAGE IN VOLTS 


0 100 200 300 400 506 600 
MAGNETIC FLUX DENSITY IN GAUSS 


FIGURE 3 
The transfer characteristic graph piots input o7 the 
horizontal axis vs output on the vertical ax's. With 
no magnetic field present. the Hall-effect switen is 
off: as the field increases. the switch wil! turn cn at 
a predesigned operating point. This particular 
device exhibits hysteresis of 90 gauss. 


THE HALL-EFFECT SENSOR 


The basic Hall sensor is simply a small sheet of semiconductor 
material. A constant voltage source forces a constant bias current to 
flow in the semiconductor sheet. The output, a voltage measured 
across the width of the sheet, reads near zero if a magnetic field is not 
present (Figure 1). 


If the biased Hall sensor is placed in a magnetic field oriented at 
right angles to the Hall current, the voltage output is in direct proportion 
to the strength of the magnetic field. This is the Hall effect, discovered 
by E. H. Hall in 1879 (Figure 2). 


The basic Hall sensor is essentially a transducer that will respond 
with an output voltage if the applied magnetic field changes in any 
manner. Differences in the response of devices are generally related to 
tolerances and specifications, such as operate (turn on) and release 
(turn off) thresholds, as well as temperature range and temperature 
coefficients of these parameters. Also available are linear output 
sensors that differ in sensitivity or respond per gauss change. 


A Hall sensor is activated by a magnetic field created by either 
electromagnets or permanent magnets. Magnetic fields have two 
important characteristics: magnitude and direction (or orientation). In 
the absence of any magnetic field, the most coramon Hall-effect digital 
switches are designed to be off (open circuit at sutput}. They will turn 
on only if subjected to a magnetic field that has both sufficient strength 
and the correct polarity. 


If the approach of the South pole of a magnet would cause switch- 
ing action of a digital sensor, the approach of the North pole of a 
magnet would have no effect. In practice, a close approach by the 
South poie of a magnet will cause the output trensistor to turn on. 


The transfer characteristics graph (Figure 3) shows input vs output. 
The input variable, which is the strength of the activating magnetic 
field (magnetic flux density, measured in gauss’, is plotted along the 
horizontal axis. The output variable, which is the digital (on, off) output 
from a Hall switch, is plotted along the vertical exis. 


In the absence of any magnetic field (zerc gauss}, the Hall-effect 
switch is off and the output voltage equals the cower supply (12 V). As 
the strength of the magnetic field increases, at some point (240 gauss 
in this case) the output transistor will turn on and the output voltage 
goes to zero. The output does not change even if the magnetic field's 
strength continues to increase. 


The switch stays on until the magnetic field falls weil below the 
240 G operating point. This is a circuit design characteristic (hysteresis) 
that prevents oscillatiors. Our example uses a 90 gauss hysteresis 
(240-150), which will turn the device off at 15C gauss. 


Reprinted from Sensors 
174 Concord Street. Pete 


“966. Copyright © North Armerican Technoiogy, Inc. 
ough. NH 03458. 
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FIGURES OF MERIT 
COMMONLY APPLIED TO 
MAGNETIC MATERIALS 


@ Residual Induction (B,) in Gauss. 
How strong is the magnetic field? A 
magnet must have sufficient flux 
density to satisfy the Hall switch 
maximum operating point specifica- 
tion at the required air gap. 


@ Coercive Force (H,) in Oersteds. 
How well will the magnet resist 
external demagnetizing forces? This 
property becomes important if the 
operating environment will subject the 
magnet to a strong demagnetizing 
field, such as might be encountered 
near the rotor of an A.C. motor. For 
such applications, a permanent 
magnet with this coercive force 
(ceramic, alnico-8, or, best of all, 
RE cobalt) is clearly indicated. 


Maximum Energy Product [(B,x 
H,) Max x 10°] in Gauss-Oersteds. 
A strong magnet that is also very 
resistant to demagnetizing forces 
would have a high maximum energy 
product. Generally, the larger the 
energy product, the better, stronger, 
and more expensive the magnet. 


Temperature Coefficient in 
Percent per Degree Celsius. How 
much will the strength of the magnet 
change as the temperature changes? 


All switches turn on at or below their maximum operating point flux 
density, and when the magnetic field is reduced, all devices turn off 
before the flux density drops below their minimum release point value. 
Additionally, each device has a minimum amount (typically, 20 gauss) 
hysteresis to ensure clean switching action. This hysteresis ensures 
that even if mechanical vibration or electrical noise is present, the 
switch output is fast, clean, and occurs only once per threshold cross- 
ing. 


Linear Hall-effect sensors differ from digital Hall-effect sensors with 
respect to the output response from the sensor. The digital sensor has 
an off/on or high/low output; the linear sensor has an output propor- 
tional to the magnetic field subjected to the “active area.” Hall-effect 
linear sensors are used primarily to sense relatively small changes in 
magnetic fields, changes too small to operate a Hall-effect digital 
switch. 


The exact magnetic flux density values required to activate Hall 
sensors differ for several reasons, including design criteria and manu- 
facturing tolerances. Extremes in temperature also affect the response 
characteristics of the sensors. 


For each device type, worst-case magnetic specifications can be 
set out for the user by a Hall-effect sensor marketing or applications 
engineer, if it has been determined that a catalogue item will not meet 
required tolerances. 


APPLICATIONS 


With an understanding of how Hall-effect sensors work, it is 
possible to build devices around them. The physical aspects of their 
characteristics form the basis of Hall device applications. 


Analysis. The field created by a magnet must be compatible with the 
characteristics of the Hall-effect device it is expected to operate. 
Measure the strength of the magnetic field, which is greatest at the 
magnet’s pole face, with a gaussmeter or a calibrated linear Hall 
sensor. Then plot a graph of field strength (magnetic flux density) vs 
distance of the magnet from the device along the intended line of travel 
of the magnet. Then, by using the Hall device specifications sensitivity 
of mV/gauss for a linear device, or operate and release points in gauss 
for a digital device) one can find the critical distances for a particular 
magnet and type of motion. These field strength plots are not linear, 
and the shape of the plot depends greatly upon magnet shape, mag- 
netic circuit (concentrators), and path traveled. 


Total Effective Air Gap. Hall-effect switches are offered in many 
different packages. such as epoxy three-pin SIPs, ceramic substrate 
mounted chips, ceramic three-pin SIPs, and surface mount packages. 
The most critical difference between packages is the distance from the 
face of the package to the surface of the Hail cell: the active area depth, 
which effectively adds to the total effective air gap. 


The total effective air gap (TEAG) is the sum of the active area 
depth and the distance between the package surface and the magnet's 
surface. For Hall device applications, the TEAG should be as small as 
possible, consistent with the limitations of the activating mechanical 
system. This will ensure that the magnetic flux will always be great 
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Ferrous Vane 


Hall Switch On 


Hall Switch Off 


FIGURE 4 


The ferromagnetic vane moves between the 
activating magnet and the Hall-effect switch 
shunting the flux field from the switch. These 
assemblies can be used for precision switching 
over large temperature ranges. 


Alnico-8, .2.2°D, .187” 


Magnetic Fiux Density (gauss} 


Distance (D) (inches) 


FIGURE 5 


Hall devices must always switch on/off at the same 
point relative to the magnet. The effect of a change 
in flux density on switching distance is shown. 


enough to switch the device. Remember, magnetic flux decreases very 
sharply as the total effective air gap increases. 


Modes of Operation. There are many ways to operate a Hall sensor. 
For example, with a simple bar or rod magnet there are two possible 
paths for the magnet to travel—head-on and slide-by. in the head-on 
mode, the magnetic pole moves along a perpendicular path straight at 
the active face of the Hall device. The head-on mode is simple, works 
well, and is relatively insensitive to lateral motion; however, if the 
mechanism moving the magnet overshoots the mark, the sensor 
package could be damaged. 


A second possible path is to move the magnet in from the side of 
the hall device in the slide-by mode of operation. The slide-by mode is 
commonly used to avoid contact with the sensor package. The use of 
strong magnets or ferrous flux concentrators in well-designed slide-by 
magnetic circuits allows better sensing precision with a shorter travel 
path than the head-on mode. 


Magnet manufacturers generally can provide head-on flux density 
curves for their magnets, but they often do not characterize magnets for 
Slide-by operation, possibly because different air gap choices lead to 
an infinite number of these curves. Once a TEAG is chosen, however, 
the head-on magnet curves can be used to find the peak flux density 
(a single point) for slide-by applications by noting the value of magnetic 
flux at the chosen TEAG. 


A third mode of operation keeps the Hall-effect sensor and magnet 
a fixed distance from one another and switches the sensor with a 
movable ferromagnetic vane. The Hall device and magnet can be 
molded together as a unit in a single rigid assembly, separated by an 
air gap. This eliminates alignment problems and produces an extremely 
rugged switching assembly. 


The Hall device is held in the on state by the activating magnet. 
Placing the vane between the magnet and the Hall device (Figure 4) 
forms a magnetic shunt that distorts the flux field away from the Hall 
device. The vane can be made in many configurations to repeatedly 
Sense position within +0.002 in. over a 125°C temperature range. 


The ferrous vane or vanes that interrupt the flux could have linear 
motion or rotational motion (as for a shaft encoder). Ferrous vane 
assemblies, due to the steep flux density/distance curves that can 
be achieved, are often used where precision switching over a large 
temperature range is required. 


Steep Slopes and High Flux Densities. For linear Hall devices, 
greater flux changes for a given displacement give greater outputs, 
clearly an advantage because the voltage output of the sensor will be 
much greater, reducing the possibility of instruments picking up electri- 
cal noise. The same property is desirable for digital Hall devices, but 
the reasons are more subtle. To achieve consistent switching action in 
a given application, the Hall device must always switch on and off at the 
same positions relative to the magnet. 


Consider, for example, the flux density curves of the two different 
magnet configurations in Figure 5. With an operating point flux density 
of 200 gauss, a digital Hall-effect device would turn on at a distance of 
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FIGURE 6 
This circuit could be used if a load required a 
current of 4 A to switch. 


FIGURE 7 


This circuit could be used to switch a 115 or 230 
VAC load. 


approximately 0.14 in. from either magnet. If manufacturing tolerance or 
temperature effects shifted the operating point of the sensor to 300 
gauss, notice that in the curve for magnet “A” (steep slope) there is very 
little change in the distance at which switching occurs, while in the 

case of the curve of magnet “B”, the change is considerable. The 
release point would be affected in much the same way. 


The basic principles illustrated in this example can be modified to 
include mechanism and device specification tolerances and used for 
worst-case design analysis. 


ELECTRICAL INTERFACE 
FOR DIGITAL HALL DEVICES 


A typical application for a Hail-effect sensor is interfacing the 
sensor signal to a microporocessor. The output of the Hall element is 
quite small; therefore, Halt [Cs have been developed that contain a 
voltage regulator to allow a wide range of operating voltages, a high- 
quality DC amplifier to boost the element signal to a more easily used 
signai, a Schmitt trigger threshold detector to produce digital logic, and 
output stages for universal interfaces capable of current sinking or 
sourcing. The output of the Hall-effect digital switch can be either linear 
(proportional to the magnetic field present) or clean-switching (no 
bounce) digital logic. Energy consumption is very low, and frequency 
responses are well over 100 kHz. 


The output stage of a digital switch is simply an open collector npn 
transistor switch, and the rules for use are the same as those for any 
similar switching transistor. When the transistor is off, there is a small 
leakage current (typically a few nanoamps) that usually can be ignored 
and a maximum (breakdown) voltage specification that must not be 
exceeded. When the transistor is on, the device output is shorted to 
the circuit common. and the current flowing through the switch must be 
externally limited to less than the maximum specified value to prevent 
damage (usually 20 mA). 


Hall devices switch very rapidly; typical rise and fall times are in the 
400 nano-second range. This is rarely significant, since switching times 
are almost universally controlled by the much slower mechanical parts 
of the device. 


Interfacing with digital logic integrated circuits usually requires only 
an appropriate power supply and pull-up resistor. 


Loads that require sinking currents up to 20 mA can be driven 
directly by a Hall switch. A good example is a light emitting diode (LED) 
indicator that requires only a resistor to limit current to an appropriate 
value. 


Sinking more current than 20 mA requires a current amplifier. For 
example, if a certain load to be switched requires 4 amperes and must 
turn on when the activating magnet approaches, the circuit shown in 
Figure 6 could be used. To turn on a 115 or 230 VAC load, consider 
Figure 7. Note, however, that the +12 V supply common is connected to 
the low side of the AC line, and in the event of a mixup, the Hall switch 
and associated low voltage circuitry would be 115 volts above ground. 
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Due to the magnetic field around any 
current-carrying conductor, Hall-effect devices 
can be used to measure and limit current by 
converting this magnetic field to an electrical 
signal. The sensor response ranges from DC 
to the kHz range, and the conductor need not 
be interrupted. In low current applications, 
the magnetic field about a conductor is not 
normally intense enough to operate a Hall- 
effect digital switch; therefore, it would be 
best to use a toroid or closed magnetic circuit 
to increase the flux density. 


Hall-effect linear sensors are used 
primarily to sense relatively small changes in 
magnetic fields—changes that are too small 
to operate a Hall-effect switching device. 
They are customarily capacitively coupled to 
an amplifier that boosts the output to a higher 
level (Figure 7). 


As motion detectors, gear tooth sensors, 
and proximity detectors, linear Hall-effect 
sensors produce an electrical output that is 
a magnetically driven mirror of mechanical 
events. As sensitive monitors of electromag- 
nets, they can effectively measure a system's 
performance with negligible system loading 
while producing isolation from contaminated 
and electrically noisy environments. 


Hall-effect sensors, both digital and 
linear, are used in the commutation of 
brushless DC motors, speed sensors, shaft 
encoders, current limiters and monitors, 
position sensors, and gear tooth sensors. 
Recent technology breakthroughs in Hall- 
effect devices have made available sensors 
for temperature ranges as high as 170°C. 
These sensors have been integrated into a 
vast array of innovative high-technology 
applications where reliability, efficiency, and 
cost competitiveness are a must. 
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MAGNETIC MATERIALS 
MOST COMMONLY USED 


@ Rare Earth—Cobalt. An alloy of rare earth metal, such as 
samarium, with cobalt (abbreviated RE cobalt). These magnets 
are the best in all categories but are also the most expensive. 
Too hard for machining, these magnets must be ground, if sha- 
ping is necessary. Maximum energy product, perhaps the best 
single measure of magnet quality, is approximately 16 x 10°. 


@ Alnico. A class of alloys containing aluminum, nickel, cobalt, 
iron, and additives, which can be varied to give a wide range of 
properties. The magnets are strong and fairly expensive, but 
less so than RE cobalt. Alnico magnets can be cast or sintered 
by pressing metal powders into a die and heating. Sintered 
ainico is well suited to mass production of small, intricately 
shaped magnets, has a more uniform flux density, and is 
mechanically superior, but cast alnico magnets are generally 
magnetically stronger. The nonoriented or isotropic alnico 
alloys (alnico-1, alnico-2, alnico-3, alnico-4) are lessexpensive 
and magnetically weaker than the oriented alloys (alnico-5, 
alnico-6...alnico-9). Ainico is too hard and brittle to be shaped 
except by grinding. Maximum energy products range from 1.3 
to 10 x 10°, 


@ Ceramic. These magnets contain barium or strontium (or 
another element from that group) ferrite in a matrix of ceramic 
material that is compacted and sintered. Tey are poor conduc- 
tors of heat and electricity, chemically inert, and have high 
values of coercive force. As with alnico, ceramic magnets can 
be fabricated with partial or complete orier:tation for additional 
magnetic strength. Less expensive than alnico, they are also 
too hard and brittle to shape except by grinding. Maximum 
energy products range from 1 to 1.3 x 10°. 


@ Cunife. A ductile copper base alloy with nickel and iron, cunife 
can be stamped, swaged, drawn, or rolled into final stage. 
Maximum energy product is approximately 1.4 x 10°. 


@ lron-Chromium. These magnets have magnetic properties 
similar to alnico-5 but are soft enough to undergo machining 
operations before the final aging treatmen: hardens them. 
Maximum energy product is approximately 5.25 x 10°. 


M@ Plastic and Rubber. These magnets consist of barium and 
strontium ferrite in a plastic matrix material. They are very 
inexpensive and can be formed in numerous ways, including 
Stamping, molding. and machining, depending on the particular 
matrix material. Since synthetic rubber is a plastic, the distinc- 
tion between the two materials is not very precise. If a plastic 
magnet is flexible like rubber. it is generally called a rubber 
magnet. Maximum energy products range from 0.2 to 1.2 x 108, 


APPLICATIONS 


INFORMATION 


LIGHT SENSING USING 


OPTICAL INTEGRATED CIRCUITS 


HUMAN EVE (PHOTOTOPIC; 
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PHOTODIODE 


RELATIVE SPECTRAL RESPONSE 
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WAVELENGTH IN NANOMETERS 
FIGURE 1 


The CIE spectral response curve is overlaid on 
the spectral responsivity curves of silicon and 
germanium (1, 3). 


Reprinted by permission from the August. 1986 
issue of SENSORS. Copyright © 1986 by North 
American Technology, Inc., Peterborough. NH 


Light sensing has traditionally been used for a variety of transduc- 
ing applications including absolute light measurement position encod- 
ing, rotary speed measurement, optical communications, and electrical 
isolation. Most of these applications use light emitters and detectors 
along with additional driving-sensing circuitry to enable the sensing of 
electrical or mechanical stimuli. 


Light emitters come in several varieties: incandescent lamps 
(or light bulbs), light-emitting diodes (LEDs), and lasers. In most trans- 
ducer applications, incandescent lamps are not used due to their slow 
response to electrical stimuli and the lack of focused light emission. 
LEDs are more popular because they respond to fast electrical im- 
pulses, emit focused light of a narrow bandwidth, and the intensity of 
emitted light can easily be changed by changing the current through 
the device. However, the maximum intensity of the light emitted by 
LEDs is severely limited. This problem has been overcome by lasers, 
which have more power than LEDs, but laser usage is constrained by 
the need for expensive driving electronics and the inability to easily 
change the intensity of the emitted light. Therefore, most electrical 
transducing applications use LEDs. 


While there are several types of light detectors, the most popular 
detectors are semiconductor-based devices, which fall into two major 
categories: photoconductors and photodetectors. Photoconductors are 
devices whose resistance decreases with incident light. Cadmiurn 
sulfide and cadmium selenide are examples of photoconductors that 
are sensitive to visible light. These devices are relatively large, typically 
ranging in diameter from 5 to 25 mm. 


Typical junction photodetectors, such as photodiodes, Schottky 
photodiodes, phototransistors, and avalanche photodetectors, work 
under the principle of carrier transport across material interface junc- 
tions. Photodiodes respond to optical radiation by generating electron- 
hole pairs, which are then transported across a p-n junction. Carrier 
transport in Schottky photodiodes takes place across a metal-semicon- 
ductor junction. While both types of photodiodes exhibit a high degree 
of linearity, Schottky devices have lower junction capacitance and are, 
thus, faster than p-n junction photodiodes. In phototransistors, incident 
light on the base of a transistor controls the collector current. These 
devices are typically used in switching and modulation applications 
where high gain and fast response are more important than linearity. 
Avalanche photodetectors are reverse biased junction detectors 
wherein the optically generated carriers are accelerated so as to further 
generate carriers by impact. These devices are typically used in high- 
speed communication applications. 


Since several of the junction photodetectors mentioned can be 
fabricated from silicon. it is possible to incorporate the receiver circuitry 
with the photodetector to create a low-cost solution to light detection 
problems. (The processing of the optical signals is performed using 
decoding receiver circuitry.) Incorporating a preamplifier with the 
photodetector aiso permits smaller photodetectors, resulting in lower 
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junction capacitance and smaller device size. 
Extremely sensitive optical detectors may be 
constructed since lower light currents can 
now be amplified without external noise 
coupling. Integrated circuit optical sensors 
typically use silicon-based photodiodes since 
they are easy to fabricate and are compatible 
with the IC process. 


PHOTODIODES 


Photodiodes are reverse biased p-n 
junctions that respond to optical radiation. 
Photons captured close to the p-n junction 
release electrons into the conduction band 
which are swept across the junction. This 
electron flow represents the photocurrent 
(or light current) of the diode. 


Light current is greatly dependent on the 
spectrum of the incident light. The spectral 
response of a photodiode is determined by 
the material from which it is fabricated and 
the diode junction depth. The response of 
the long wavelength of the photodiode is 
controlled by the band-gap energy of the 
material, that is, the energy needed to 
release an electron from the valence band 
to the conduction band. The energy of an 
incident photon is given by: 


E=hv 
where: 


h = Planck’s constant 
v=C/is the frequency of light 
c = velocity of light 


The electron will be released only when: 
E2E, 


where E. is the energy gap of the semicon- 
ductor defined in electronvolts, or: 


hve E, 


The longest wavelength absorbed is given by: 


= E./hAc 


The short wavelength response of the photo- 
diode is determined by the depth of the 
junction from the surface. Shorter wave- 
lengths are absorbed near the surface, 
generating electron-hole pairs. These pairs 
recombine before they reach the p-n junction, 


NPNTRANSISTOR ___SIPHOTODIODE 


— OXIDE 


y ALUMINUM CONTACTS 


P-SUBSTRATE 


FIGURE 2 


A cross section of silicon {C shows a typical npn transistor and a photodiode 
(drawing is not to scale). 


so do not result in photocurrent. Deep junction photodiodes have low 
responses to short wavelength radiation. 


These processes result in spectral responsivity curves that are 
nonuniform with wavelength. Figure 1 shows the spectral responsivity 
curves of Si and Ge, along with the CIE photopic response curves. 
The peak response of Ge is at 1.5 ym, while Si is at 0.85 um. This 
corresponds to a band-gap energy of 1.1 eV for Si and 0.67 eV for Ge. 
The drop in responsivity at low wavelengths is due to lower efficiencies 
for a deep junction. Note the low photodiode spectral response in the 
region of the photopic curve. 


Since the diode is reverse biased, ideally no other current should 
flow; however, fabrication impurities cause leakage current that flows 
even when no light is incident on the junction. This leakage current 
(also known as dark current) is a function of reverse bias, diode junction 
size, and ambient temperature. Large dark current values {limit the 
signal-to-noise ratio of the photodiode and place constraints on the 
maximum operational temperature of the receiver circuitry. Dark current 
is given by: 


loan = “f (2 - 1) 
where: 
|, = reverse saturation current 
V = reverse bias voltage 


V, = kT/q (k = Boltzmann's constant, q = electron charge, 
T = absolute temperature) 


From this equation, it can be seen that for no incident light, the dark 
current is dependent on the applied voltage and the absolute tempera- 
ture. It can also be noted that theoretically, dark current goes to zero 
for no applied voltage and, hence, loses its temperature dependence. 
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LIGHT MEASUREMENT 


Due to the nonuniform response of a 
photodiode to the spectrum of incident light, 
photadiode sensitivity is generally specified in 
radiometric units as the power of light incident 
(uA/uW/cm?) for a given wavelength. Absolute 
light levels are specified in power incident 
(uW/cm?) for a given light bandwidth. Since it 
is difficult to generate a light source of a 
single wavelength, the light is assumed to 
have the spectral output of a specified LED, 
e.g., an AlGaAs LED is normally used with a 
silicon photodiode. Other optical units, such 
as foot-candles and jumens, are not appropri- 
ate since they assume a photopic spectral 
response. 


INTEGRATED CIRCUIT 
OPTICAL SENSORS 


Traditionally, photodiodes have been 
used in conjunction with hybrid amplifier 
circuitry to perform certain signal processing 
applications. These operations may include 
light current amplification, light threshold 
detection, and light demodulation. Building 
photodiodes out of silicon has given the IC 
designer the ability to fabricate both the 
hybrid circuitry and the photodiode on the 
same silicon substrate, thus eliminating the 
need for additional circuitry. 


Figure 2 shows the cross section of a 
silicon IC containing an npn transistor and a 
photodiode fabricated using a bipolar inte- 
grated circuit process. Most bipolar processes 
are fabricated by growing an n-type epitaxial 
layer on a p-type substrate. Individual devices 
are separated into epitaxial pockets by 
forming a reverse biased isolation-epitaxial 
junction A (p* -n) at the pocket walls. Impuri- 
ties are then diffused into these epitaxial 
pockets to create devices (npn and pnp 
transistors, resistors). 


The npn transistor shown in Figure 2 is 
manufactured using the above techniques. 
The collector of the transistor is the lightly 
doped epitaxial layer. Diffused into this layer 
is a heavily doped p* layer that forms the 
base of the transistor. The emitter is the 
strongly doped n* layer. The npn junctions are 
formed along the vertical axis B. Aluminum 
contacts are directly made to the emitter and 
base. Contact to the collector is made by the 
aluminum through a low-resistance n- plug 
and buried layer. 


OurPutT 


NY 


GROUND 


FIGURE 3 
A functional block diagram of the ULN3330 IC optical receiver is shown. 


The substrate-epitaxial interface C forms a p-n junction which, 
when reverse biased, can be used as a photodiode. P-type impurities 
in the form of base diffusion form an additional junction D, across which 
optically generated carriers may be transferred. The photodiode is 
normally the largest single component on the IC. Photodiodes can 
vary in size from 20 by 20 mils to 30 by 30 mils. 


TYPICAL OPTICAL RECEIVER 


Using these techniques, an iC designer can fabricate a high-quality, 
low-noise receiver that can be incorporated onto a single silicon sub- 
strate. There are two basic types of integrated sensors: linear and 
digital. The output of a linear sensor is proportional to the incident light 
level. This device is generally factory calibrated for repeatable sensitiv- 
ity. A digital sensor is a level detector that switches on at a fixed light 
level. The device incorporates positive feedback circuitry that induces a 
hysteresis that inhibits release until the output moves much lower than 
the previous trip point. 


Figure 3 describes a typical digital optical sensor, the ULN3330. 
This device has an on-chip ground-referenced photodiode whose 
photocurrent is fed into a current amplifier. This amplified current is then 
converted into a voltage level by dropping it through an adjustable load 
resistor. A comparator checks this voltage level and switches on at a 
predetermined threshold level. For noise immunity, internal feedback 
disables switching until the light level falls approximately 12 percent 
below the switching threshold. The output interface allows switching of 
TTL and CMOS devices, as well as the ability to drive low-current 
relays. 


Circuit designers benefit from the use of IC technology in the 
design of optoelectronic sensor circuits. Low photodiode currents on 
the order of a few hundred nanoamperes can be amplified without 
worrying about external noise sources; hence, smaller diodes can be 
used. Matching accuracy of transistors and resistors helps create high- 
quality, low-offset amplifiers. Amplifier and photodiode characteristics 
can be internally compensated using the repeatable temperature 
characteristics of |C resistors and diode junctions, while switching 
thresholds can be adjusted at wafer test by trimming on-chip resistors. 
In addition, the reliability of these devices may be much greater than 
for hybrid assemblies. 
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TABLE I 
ELECTRICAL CHARACTERISTICS at T, = +25°C, V_,. = 6.0 V, )= 880 nm 


Limits 
Characteristics Symbol Test Conditions in. : 
E 
Vv 


Light Threshold Level Eon Output ON 
OFF Output OFF 
Hysteresis AE (Eger > Egn/Eoer 
OUT 
lour 
t 


Output ON Voltage lour 
lour 
Vou 


Output OFF Current an 


Output Fall Time 


= 
90% to 10% 


Output Rise Time t 10% to 90% 


r 


OPTICAL SENSOR APPLICATIONS 


Optical ICs do not, however, replace careful engineering review on 
the part of the optical assembly designer. Several factors contribute to a 
successful optical system design. These factors include light threshold 
levels, ambient light interference, output load conditions, and voltage 
supply. 


Table | shows a typical specification table for a digital output optical 
sensor (in this case, the ULN3330). Defined in this table are the supply 
voltage ranges, supply current limits, and sink current capabilities. An 
important specification is the light threshold level. The ULN3330 is a 
highly sensitive device, with light threshold levels. under 65 W/cm? and 
a hysteresis of 10-14 percent. When designing transducing assemblies 
using a sensitive optical receiver, ambient light levels may provide a 
significant and unwanted noise contribution. In addition, the light 
emitted by a commercial LED may vary a great cea! for a given LED 
driver current. If optical measurements are not carefully taken, high 
ambient light levels (noise) may keep the detector always switched, 
while low LED light outputs (signal) may never sivitch the detector. 


When measuring light ievels it is important tc use a linear receiver 
whose photodiode is of the same material and '!s roughly the same area 
as that of the digital sensor. If a different materia is used, the difference 
in spectral responsivity will result in inaccurate readings. If the linear 
receiver is much larger in area, then optical patterns on the receiver 
may not be the same as those on the digital sensor, thereby creating 
faulty readings. When using the ULN3330 or any other optical IC, the 
ambient light level can be accurately measured using the ULN331 1/12. 


By carefuily foilowing the device specification table and by making 
the appropriate optical measurements, optical integrated circuit sensors 
can be used in a variety of detection applications. The availability of 
vast amounts of circuitry in a small package provides optical system 
designers with a powerful tool. 
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FIGURE 4 


Shown is a commonly used speed-sensing assembly. 


The light field between the emitter-detector pair is 
interrupted by the rotating code wheel 


CODE WHEEL 
{ROTATING} 


PHASE PLATE 
(FIXED) 


FIGURE 5A and B 


This high-resolution rotary encoder shows the fixed 
phase plate along with the rotating code wheel. The 
two photodetectors are placed such that a light field 
on one device corresponds to a dark field on the 
other. 


ABSOLUTE LIGHT MEASUREMENTS 


The ULN3311/12 have been used in several applications for the 
measurement of light such as automatic brightness control for CRTs, 
feedback for photocopiers, and light measurement for cameras. These 
linear optical ICs are preferred over other photodetectors because of 
the factory calibration of their sensitivity. 


Absolute light sensing is also used for switching street, emergency, 
and automotive lighting. In these applications, the light level is mea- 
sured using a photosensor (usually a cadmium sulfide photoconductor) 
and the switching assembly is designed so as to trip when the light 
falls below a specified value. Photoconductors are highly sensitive to 
ambient temperature, making the trip points difficult to stabilize over 
temperature extremes. The same function can be accomplished using 
the internally compensated ULN3390. This device is a highly sensi- 
tive digital output device that trips and releases at 10 pW/cm* and 
20 yu W/cm? respectively. internal hysteresis provides immunity to 
small light variations (due, for example, to changing cloud cover), 
thus lowering the chances of oscillations in the switching circuitry. 


OPTOCOUPLERS-OPTOISOLATORS 


Emitter-detector pairs are linked together through an optical 
waveguide to couple electrical signals for communications and isolation 
applications. In communication applications, the waveguide is generally 
a fiber-optic cable. Low-speed communications problems may be 
solved using digital ICs. Higher speed applications demand fast 
responding avalanche photodiodes and hybrid receiver circuitry. 


Optical isolation is accomplished by inserting an emitter-detector 
assembly between sensitive electronics and controller switching 
circuitry. The waveguide is the package itself. This isolates electrical 
processes on the receiver end from those on the emitter end—a 
technique that is used to protect expensive circuitry from the effects 
of shorts or faults on the controller switching lines. 


ROTARY ENCODING 


Speed sensing and rotary position encoding are best done using 
optical emitter-detector assemblies. Figure 4 shows a common assem- 
bly used in speed measurement applications. Here, the rotating wheel 
interrupts the light field, causing the detector to switch, generating a 
pulse for each slot in the wheel. In this assembly, the number of pulses 
per revolution is limited by the emitter beam width as well as the 
detector element size. Typical interrupter widths of 200-300 mils are used. 


A newer technique used in high-resolution rotary encoding is 
illustrated in Figure 5. Interrupting the light path are a rotating code 
wheel and a fixed phase plate. The code wheel has a fixed number of 
apertures (as many as 256) around its circumference. The fixed phase 
plate also has a number of apertures of the same size as those in the 
code wheel and is fixed directly above the light sensing photodetector, 
as shown in Figure 5a. Rotation of the code wheel creates alternate 
light and dark periods on the surface of the detector. Using this tech- 
nique, high-resolution measurements have been obtained by sensing 
code wheel apertures of 10 to 20 mils. In addition, the phase plate can 
be coded to allow placement of another photodetector IC that is 90 
degrees out of phase with the first detector, as shown in Figure 5b. This 
allows the sensing of both position of the wheel and direction of rotation. 
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TRANSMISSIVE 


REFLECTIVE 


FIGURE 6 


Sheet detector configurations using transmissive 
and reflective modes of operation are shown, 


MISCELLANEOUS APPLICATIONS 


Optical sensors are used in several other applications. Some 
smoke detectors use sensitive optical detectors to ascertain the 
presence of smoke in the assembly. Emitter-detector pairs are used 
as sheet edge detectors in photocopiers for detection of paper size. 
Detection can be done in both the transmissive and reflective modes, 
as shown in Figure 6. Fluid level measurement systems use emitter- 
detector pairs that cause the detector to switch when fluid in a tube 
interrupts the beam path. Burglar alarm systems use infrared emitter- 
detector pairs that switch when the beam path is interrupted by an 
object. The same strategy can also be used to generate signals for 
counting moving objects such as bottles and cans on a moving 
assembly line. 


CONCLUSION 


Optical integrated circuits give the designer the ability to design 
complex transducing functions using a small number of integrated 
components at a low cost. The small package sizes allow for use in 
a large number of size-critical applications. Clearly, in many measuring 
and sensing applications, optical integrated circuit-based transducers 
are the sensors of choice. 
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GLOSSARY OF TERMS 


Band-gap energy (E,): The energy difference between energy levels 
of the conduction band and the valence band. It is also the minimum 
energy required to free an electron from the valence band to the 
conduction band. 


CIE: Acronym for the Commission Internationale de l’Eclairage. The 
International Commission on tltumination has been responsible for 
setting several lighting standards. 


Conduction band: The band of energy levels occupied by a valence 
electron when it is liberated from an atom. Electrical conduction in a 
semiconductor crystal takes place through the transport of electrons 
in the conduction band. 


Epitaxial material: A material whose atoms are arranged in single 
crystal fashion upon a crystalline substrate so that its lattice structure 
duplicates that of the substrate. 


Hysteresis: To provide noise immunity, the switch points of a compara- 
tor are altered using positive feedback so that the voltage required to 
switch the comparator output low (operate point voltage) is greater than 
the voltage required to switch the output high (release point voltage). 
The difference between these switch points is a measure of the hyster- 
esis of the comparator. 


n*-type material: Heavily doped n-type material, formed by introducing 
donor impurities into a silicon substrate. Conduction takes place by the 
movement of free electrons. 


p*-type material: Heavily doped p-type material, formed by introducing 
acceptor impurities into a silicon substrate. Conduction takes place by 
the movement of holes. 


p-n junction: Material interface between positively doped (p-type) and 
negatively doped (n-type) semiconductor. These junctions are funda- 
mental to the performance of switching, rectification, and amplification 
functions in electronic devices and circuits. 


Photometric units: Radiometric quantities spectrally weighted by 
the spectral response of the human eye (also called the photopic 
response). Typical units of illuminance are foot-candles or lumens. 


Photopic response: Spectral response of vision mediated essentially 
or exclusively by the cones in the human eye. Standards for this 
response have been laid down by the International Commission on 
HHlumination (CIE). 


Valence band: The electrons in the outermost shell of an atom 
(valence electrons) occupy a band of energy levels called the valence 
band. Electrons in this band do not participate in electrical conduction 
in silicon. 
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SECTION 5. TECHNICAL DATA & APPLICATION NOTES 
for Integrated Circuits to MIL-STD-883 


in Numerical Order 


pathic if eta Cae P Tana va ds sha el Peeue ss Mes des PAT eee se.chauieen Mae es Beginning at 5-1 
Military Product Standards ...........c.cccescceceeeesssseceesneeeeeeesesgaeeeesesenieeeteeseiaseeesensnateaees 5-88 
Applications Information: 

BiMOS II Power Drivers to MIL-STD-883 000... ice cee ene ecteeteneetneeeeseeneeees 5-89 
See Also: 

Hall Effect Sensors with Extended Temperature Ranges ............. ee Section 4 


Military Screening Flows 


ULS20XXH/R 


Dwg. No. A-9594 


ABSOLUTE MAXIMUM RATINGS 


Output Voitage, Vee 


(ULS200X*, ULS201X*)......... 50 V 

(WES202K ic oc cas gs vin olen geese 95 V 
Input Voltage, Vin 

(ULS20X2"*, X3*, X4*) . 2... 30 V 

(WES20XS"\, a ors Tenia hee pee 15V 
Peak Output Current, |G.) 

(ULS200X*, ULS202X*) ...... 500 mA 

(UES201K8): ne ccogct ee cag ars 600 mA 
Ground Terminal Current, lang --- ++: 3.0A 
Continuous Input Current, Ieee 25 mA 
Power Dissipation, P,, 

(one Darlington pair) .......... 1.0W 

(total package)........... See Graph 
Operating Temperature Range, 

Tie ssielinrg fadeorw ides -55°C to +125°C 
Storage Temperature Range, 

Ve acts sg cadina halt -65°C to +150°C 


Ss: 


X = digit to identify specific device. Characteristic 
shown applies to family of devices with remaining 
digits as shown. 


*Complete part number includes a final letter to 
indicate package. 


HIGH-VOLTAGE, HIGH-CURRENT 


DARLINGTON ARRAYS 


Comprised of seven silicon NPN Darlington power drivers ona 
common monolithic substrate, Series ULS2000EK, ULS2000H, and 
ULS2000R arrays drive relays, solenoids, magnetic print hammers, 
lamps, and other devices in high-reliability military or aerospace 
applications with up to 3 A of output current per package. 


These devices are screened to MIL-STD-883, Class B and are 
supplied in a leadless ceramic chip carrier with Kovar lid (suffix ‘EK’), 
the popular ceramic/metal side-brazed 16-pin hermetic package (suffix 
‘H’), or ceramic/glass cer-DIP hermetic package (suffix ‘R’). All package 
styles conform to the dimensional requirements of MIL-M-38510 and 
are rated for operation over the full military temperature range of -55°C 
to +125°C. Reverse-bias burn-in and 100% high-reliability screening 
are standard. 


The 35 integrated circuits described here permit the circuit designer 
to select the optimal device for any application. In addition to the three 
package styles (note that the ceramic chip carrier is available only for 
the ULS2001EK through ULS2005EK devices), there are five input 
characteristics, two output-voltage ratings, and two output-current 
ratings. The appropriate part for specific applications can be deter- 
mined from the Device Part Number Designation chart. All units have 
open-collector outputs and on-chip diodes for inductive-load transient 
suppression . 


FEATURES 


@ TTL, DTL, PMOS, or CMOS Compatible Inputs 

B Peak Output Current to 600 mA 

@ Transient-Protected Outputs 

® High-Reliability Screening to MIL-STD-883, Class B 
@ -55°C to +125°C Temperature Range 


ULS200XEK 


Dwg. No. A-14.378 


Always order by complete part number, e.g., |ULS2013H883 |. 
See matrix on next page. 
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ry: 
o 


a 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 
2 Zt 
un ° 
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DEVICE PART NUMBER DESIGNATION 


50 V 


50 V 95 V 
600 mA 500 mA 


Part Number 


ae == V 
SUFFIX'H, Rgoq= 40°C CIMA) 
‘ leamaxy 
SUFFIX'RY *;] Logic 
Paga= SCM General Purpose 
PMOS, CMOS 
4 
5V 
= = TTL, CMOS 
6-15 V 
SUFFIX'EK'. Ago, = 110°CW CMOS, PMOS 
; , : 
ts High-Output 
25 50 73 100 125 150 TTL 
AMBIENT TEMPERATURE IN °C 
Dwg. GM-004 
PARTIAL SCHEMATICS 
ULS20X1* ULS20X2° 
(Each Driver) (Each Driver) 
; o COM 
‘ B < 
7.2K 3K j 
bw Wag! 
al, or ge “tT i 
Dwg. No A-9595 Dwg. No A-9650 
ULS20X4* ULS20xX5° 
(Each Driver) (Each Driver) 


Owg. No. A-9838A Owg. Na. A 18,228 


ULS2001* 


ULS2002* 


ULS2003* 


ULS2004* 


ULS2005* 


ULS2011* ULS2021* 


ULS2012* 


ULS2022* 


ULS2013" ULS2023* 


ULS2014* ULS2024* 


ULS2015* ULS2025* 


ULS20X3* 
(Each Driver) 


Dwg. No. A-9651 


* Complete part number includes a final 
letter to indicate package (EK = leadless 
ceramic chip carrier, H = ceramic/metal 
side-brazed, R = cermic/glass cer-DIP. 


X = digit to ider-tity specitic device. 
Specification or limit shown applies to 
family of devices with remaining digits as 
shown. 
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ULS2001EK/H/R THRU ULS2005EK/H/R 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 


Applicable Test Conditions 
Characteristic Symbol Devices Voltage/Current fs Min. Typ. Max. | Units 


Output Leakage Current | Ail Voge = 50V 
ULS2002" i 50V, V,,= 6V 
ULS2004* Vog= 50V. Vyy= 1 V 
|, =350 MA, |, = 850 uA 
\,=200 mA, J, = 550 pA 
[p= 100 mA, |, = 350 pA 
i, =350 MA, 1, = 500 WA 
|, = 200 MA, |, = 350 uA 
= 100 MA, I, = 250 uA 
|, = 350 MAT, |, = 500 UA 
1, =200 At, |, = 350 UA 
I, = 100 mA, i, = 250A 
Viy= 17 V 
Viy= 3:85 V 
Vin = 5.0 V 
Viyet2V 
iIn= 3.0V 


lg = SO0LA 


= 
ies} 


are 
iss} 


V 


Collector-Emitter CE(SAT) 


Saturation Voltage 


<j<p<c]<[<j<pcp<j< 


It 


NM) MYM) MI) YIN NINN] ND 


Cc 


LS2002* 
LS2003° 
LS2004* 


Input Current 850 1300 
930 1350 
350 500 
1000 1450 
1500 2400 


INiON) 


LS2005" 
All 
ULS2002" 


PB) ww) ww) w) oO} wo 


Iinworey 


V 


Input Voltage 1,= 300 mA 
Veg =2.0V. 1, = 300 mat 
Veg = 2.0 V. |, = 200 mA 
Veg = 2.0 V, I, = 250 mA 
Voge =2.0V, |, = 300 mA 
Veg = 2.0 V. 1, = 200 mAt 
Voge =2.0V, 1, =250 mat 
Veg = 2.0 V. 1, = 300 mal 


IN(ON) 


$2003" 


Paes 


</<j<]<]<|]/<|/<|/< 


QE DLO) oO) om) my) a) on 


*Complete part number includes a final letter to indicate package Continued next page... 
(EK = leadless/ceramic chip carrier, H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP). 

NOTE 1: Alllimits stated apply to the complete Darlington series except as specified for a single device type. 

NOTE 2: The IINores current limit guarantees against partial turn-on of the output. 

NOTE 3: The Vigion) 


'Puise Test, t, < 1 ys, see graph. 


voltage limit guarantees a minimum output sink current per the specified test conditions. 
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ULS2001EK/H/R THRU ULS2005EK/H/R ELECTRICAL CHARACTERISTICS continued 


Applicable Test Conditions Limits 
Characteristic Symbol Devices Temp. Voltage/Current Min. 
Input Voltage (cont.) Vinton) ULS2004* -55°C Voge = 2.0 V.1,= 125 mA 5 — 
Voge =2:0 Vs lo =200 mA 7 5 7 
Voge = 2.0V. 1, =275mA 5 _~ 
Voge =2.0V, |, = 350 MA 5 | — — wt | Vv 
125°C | Vy=20V..-125mA [| 5 | — — 5.0 Vv 
Vie =2.0V,1,=200 mat 5 -~ — 60 Vv 
Vog = 2.0V, |, = 278 mat 5 SS 700 V 
- “— ot - - > 
; 7 a Voe= 2.0 V, 1, = 850 mA 7 5 = 7 8a aN 
ULS2005* -55°C Vor =2.0V, |, = 350 mA 5 — — 3.0 v 
4+125°C | V.,=2.0V,1,=350 mat 5 3 Vv 
—— Z 
D-C Forward Current Nee ULS2001* -55°C Voge = 2.0 V, 1, = 350 mA 2 509 
Tsien 200 +25°C | Vue =2.0V,1,=350mA 2 | 1000 
Turn-On Delay thin 8 ~: 


All +25°C 
Clamp Diode ie All V,=50V — 
Leakage Current 
Clamp Diode Ve All |.=350 mat 7 _ 
Forward Voltage | 


“Complete part number includes a final fetter to indicate package (EK = leadless ceramic chip carrier, H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP). 
NOTE 1: Alllimits stated apply to the complete Darlington series except as specified for a single device type. 

NOTE 2: The lige Current limit guarantees against partial turn-on of the output. 

NOTE 3: The Vinton: voltage limit guarantees a minimum output sink current per the specified test conditions. 

Pulse Test. {$1 ws, see graph. 
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ULS2011H/R THRU ULS2015H/R 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 


Applicable Test Conditions 
Characteristic Symbol Devices Voltage/Current 
\oex All 


Min. Typ. Max. 
Output Leakage Current Voge = SOV 
ULS2012* Vog= SOV, Viy= 6V 
ULS2014° Voge = SOV. Viy= TV 


— pan LA 
Vigisat All |, =500 mA, |, = 1100 yA 
|, =350 MA, |, = 850 HA 
I, =200 mA, |, = 550 pA 
Ig =500 MA, |, = 600 pA 
|, =350 MA, |, = 500 pA 
|, =200 mA, |,=350 nA 
|, = 500 mAT, |, = 600 pA 
I, =350 mA? |, = 500 pA 
|, =200 mAT, 1, = 350 pA 


e 
> 


ek: |) ema | 
Mm), oO) > 


Collector-Emitter 
Saturation Voltage 


+25°C 


+125°C 


<|<|</|<|<l<j|</<i<|§ 


480 850 1300 
650 930 1350 
240 350 500 

650 1000 1450 


ULS2012" 
ULS2013" 
ULS2014" 


Input Current 


ala! alia! alata! mfal wow) ol wow) oO) aoPnNns nN! nN(NININ) MLN] ND 


ULS2015* — 1500 2400 pA 
Ivor) All uA 
Input Voltage Vinny ULS2012° -55°C ¢ = 500 MA v 
2 ‘= = t 
+125°C Veg =2.0V, ¢ 7900 mA Vv 
ULS2013° -55°C Voge 22.0 V. = 250mMA Vv 
Vog = 2.0 V.1, = 300 mA v 
Voge = 2.0 V, 1, =500 mA Vv 
= a 1. 
Vop =20V, ¢ = 250 mA Vv 
c= 350 mat Vv 
Vv 
*Complete part number includes a final letter to indicate package (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP). Continued next page... 
NOTE 1: All limits stated apply to the compiete Darlington series except as specified for a single device type. 
NOTE 2: The LiNorF) current limit guarantees against partial turn-on of the output. 
NOTE 3: The Vion} voltage limit guarantees a minimum output sink current per the specified test conditions. 


tPuise Test, 1, $7 BS, See graph. 
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2001 THRU 2025 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS201 1 0/R THRU ULS2015H/R ELECTRICAL CHARACTERISTICS continued 


Applicable Test Conditions Limits 
Characteristic me Devices Voltage/Current Min. Typ. Max. 


Input Voltage (cont.) ULS2014* 


= 275 mAt 
|, =350 mat 
¢. = 500 mat 
ULS2015* =2.0V,|,=350mA 
= 500 MA 
¢ = 350 mat 


> = 500 mA 


BEBREECEREEEE 


D-C Forward Current 
Transfer Ratio 
Turn-On Delay 


Turn-Off Delay 


2 
wo 


OGODERREGRRoee 


Clamp Diode 
Leakage Current 


Clamp Diode 
Forward Voltage 


|, = 350 mat 
1, = 500 mat 


> 


*Complete part number includes a final letter to indicate package (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP). 
NOTE 1: Alllimits stated apply to the complete Darlington series except as specified for a single device type. 

NOTE 2: The I WOFF) current limit guarantees against partial turn-on of the output. 

NOTE 3: The Vin (ON) voltage limit guarantees a minimum output sink current per the specified test conditions. 

tPulse Test, 1, $1 us, see graph. 
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2001 THRU 2025 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS2021H/R THRU ULS2025H/R 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 


Applicable Test Conditions 
Characteristic Symbol Devices Voltage/Current Min. Typ. Max. 
| 
CEX 


ig. 
All Voge = 95V 1A 
Voge = 95V, Vy = 6V 
Voge = 95V, Viy= 1 V 
Vog = 95V, Vy = 0.5V 
|, = 350 MA, |, = 850 pA 
|, =200 mA, |, = 550 nA 
|= 100 MA, |, = 350 LA 
|, = 350 mA, |, = 500 uA 
|= 200 mA, |, = 350 2A 
|= 100 MA, |, = 250 pA 


Output Leakage Current 


ULS2022° 
ULS2024* 


Collector-Emitter 
Saturation Voltage 


|, = 350 mat. |, = 500 WA 
ape ae 

\o= 200 mA, |, = 350 WA 
|= 100 MA, |, = 250 1A 


ig 


! 


ULS2022" 
ULS2023° 
“ULs2024" 


Input Current 850 1300 
650 930 1350 
240 350 500 
650 1000 1450 
ULS2025° — 1500 2400 

AL | ¥125°C . ' BS 
ULS2022" 


IN({ON) 


UINOFF) 


Vv 


Input Voltage 


1g = 300 mA 
Vop = 2.0 V. i, = 300 mar 
Voge = 2.0 V1, = 200 mA 

Veg = 2.0 V. |, = 250 mA 
Veg = 2.0 Vil, = 300 mA 

Veg = 2.0V.1,= 200 mat 
Vee = 2.0 V. 1, = 250 mat 


Vog = 2.0 V. |, = 300 mat 


IN(ON} 


ULS2023° 


<j} <p <li <j <j] <j < 


“Complete part number includes a final letter to indicate package (H = ceramic/metal side-brazed, R = ceramic’glass cer-DIP). Continued next page... 
NOTE 1: Alllimits stated apply to the compiete Darlington series except as specified for a single device type. 

NOTE 2: The t..) o¢p, Current limit guarantees against partial turn-on of the output. 

NOTE 3: The Von) 


Pulse Test, t, <1 us, see graph. 


voltage limit guarantees a minimum output sink current per the specified test conditions. 
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2001 THRU 2025 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS20214/R THRU ULS2025B/R ELECTRICAL CHARACTERISTICS continued 


Applicable Test Conditions 
Characteristic Symbol Devices Voltage/Current Fig. 


Input Voitage (cont.) Vin ULS2024* Voge =2.0V, 1, = 125 mA 
Voge = 2.0 V, |, = 200 mA 
Veg = 2.0 V, |, = 275 mA 
Vog =2.0V, |, = 350 mA 
Voge =2.0V, |, = 125mA 
Voge =2.0 V, l, = 200 mAt 
Voge =2.0V, 1, = 275 mal 
Vee = 2.0 V, |, = 350 mAt 
Vog =2.0V, |, = 350 mA 
Vog = 2.0 V, |, = 350 mAt 


ULS2025* 


D-C Forward Current ee ULS2021* 
Transfer Ratio 
Turn-Off Delay ey 


Clamp Diode All 
Leakage Current 


pre | 
n 


= 
> 


Clamp Diode Vv. 
Forward Voltage 


*Complete part number includes a final letter to indicate pachage (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP). 
NOTE 1: All limits stated apply to the complete Darlington series except as specified for a single device type. 

NOTE 2: The lincorey current limit guarantees against partial turn-on of the output. 

NOTE 3: The Vision) voltage limit guarantees a minimum output sink current per the specified test conditions. 

tPulse Test, t, <1 Us, see graph. 
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2001 THRU 2025 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


FIGURE 1A 


OPEN = VCE 
9 0 


Dwg. No. A.-9729A 


FIGURE 3 


OPEN 


Dwg. No, A-9732 


FIGURE 6 


=f, 


OPEN 


Dwg. No. A-9735A 


FIGURE IB 


TEST FIGURES 


open Yee 


tt}-—al' Fy 


FIGURE 4 


OPEN 


FIGURE 7 


Dwg. No, A-9730A 


Dwg. No. A-9733A 


wg. No. A-9736 


FIGURE 2 


OPEN 


Dwg, No. A-9731 


FIGURE 5 


OPEN 


{ 
‘ 


Dwg. No. A-9734A 
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2001 THRU 2025 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


Vin +50V 
ULS20X1* 3.5 V 
ULS20X2* 13 V 

PULSE 10082 
ULS20X3* 3.5V GENERATOR 
ULS20x4* 12V roomy OUTPUT 
ULS20X5* 3.5V 


500F 
il 


Dwg. No. A-13,273 


* Complete part number includes a final letter to indicate package. 


ouTPUT ~~" X= Digit to identify specific device. Specification shown applies to family of devices with 
remaining digits as shown. 


Dwg. No. A-13.272 


FIGURE 8 


COLLECTOR CURRENT COLLECTOR CURRENT 
AS A FUNCTION OF SATURATION VOLTAGE AS A FUNCTION OF INPUT VOLTAGE 


COLLECTOR CURRENT IN mA 


MAXIMUM REQUIRED 
INPUT CURRENT 


400 600 
COLLECTOR-EMITTER SATURATION VOLTAGE IN VOLTS INPUT CURRENT IN pA 


Dwg. No. A-9754C Dwg. No. A-10,872B 


2001 THRU 2025 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS20XXH 


RECOMMENDED PEAK CURRENT 
AS A FUNCTION OF DUTY CYCLE AT +50°C 


beet 


RRENT -ULS-200X 
400 SRS 


200 


es 
INUMBER QF OUTPUTS 
ICONDUCTING 
SIMULTANEOUSLY. 
ic) 


PEAK COLLECTOR CURRENT IN mA AT +50°C 


9 rr) a 80 100 
PERCENT OUTY CYCLE 


Dwg No. A-10,197B 


RECOMMENDED PEAK CURRENT 
AS A FUNCTION OF DUTY CYCLE AT +100°C 


g 


Pc 


+ + 


RECOMMEND, 


3 
8 


Ce Geren 
1 


8 


+ + 
NUMBER OF OUTPUTS 
CONDUCTING 
SIMULTANEOUSLY 
20 40 60 #0 100 

PERCENT DUTY CYCLE 


PEAK COLLECTOR CURRENT IN mA AT +1 


° 


Dwg. No. A-10,200B 


RECOMMENDED PEAK CURRENT 
AS A FUNCTION OF DUTY CYCLE AT +75°C 


soo | RECOMMENDED MAXI ML 


8 


8 


+ + 
[Nomex OF OUTPUTS 
ICONDUCTING 
SIMULTANEOUSLY 


PEAK COLLECTOR CURRENT IN mA AT +75°C 


PERCENT DUTY CYCLE 


Dwg. No. A-10,199B 


RECOMMENDED PEAK CURRENT 
AS A FUNCTION OF DUTY CYCLE AT +125°C 


8 


406 


NUMBER OF OUTPUTS 
CONDUCTING 
SIMULTANE OU 


PEAK COLLFCTOR CURRENT IN mA AT +125°C 


A 


PERCENT DUTY CYCLE 


Dwg. No. A-10.201B 


X = digit to identify specific device. Specification or limit shown applies to family 


of devices with remaining digits as shown. 


2001 THRU 2025 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS20XXR 


RECOMMENDED PEAK CURRENT RECOMMENDED PEAK CURRENT 
AS A FUNCTION OF DUTY CYCLE AT +50°C AS A FUNCTION OF DUTY CYCLE AT +75°C 


OMMENDED MAXIMUM CURRENT-ULS-200XR AND ULS~202XR™ 


7 


ULS 200XR ANI 


PEAK COLLECTOR CURRENT IN mA AT +50°C 
PEAK COLLECTOR CURRENT IN mA AT +75°C _ 


0 20 40 6 80 100 i) 20 40 


60 80 100 


PERCENT OUTY CYCLE PERCENT DUTY CYCLE 


Owg. No. A-10,8838 


Dwg. No. A-10,887B 


— | 4 4 


RECOMMENDED PEAK CURRENT RECOMMENDED PEAK CURRENT 
AS A FUNCTION OF DUTY CYCLE AT +100°C AS A FUNCTION OF DUTY CYCLE AT +125°C 


RECOMMENDED MAXIMUM CURRENT ULS-2008_ AND 


400 [ 


UES=202% Rh 


RECOMMENDED MAXIMUM CURRENT ULS-200X 


8 
t 


NUMBER 


NUMBER OF OUTPUTS | 
CONDUCTING 


OF OUTPUTS 


PEAK COLLECTOR CURRENT iN mA AT +125°C 


PEAK COLLECTOR CURRENT IN mA AT +100°C 


/ CONDUCTING 
0 SIMULTANEOUSLY —}--~ 0 LSIMULTANEOUSLY. 
0 20 40 60 80 100 9 nm 40 60 80 100 
PERCENT DUTY CYCLE PERCENT DUTY CYCLE 


Dwg, No, A-12,434 


X = digit to identify specific device. Specification or limit shown applies to family 


of devices with remaining digits as shown. 


Dwg. No, A-12,435 
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2001 THRU 2025 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 


ULS20X2° ULS20X3° 
2.5 Fe 
fee 2.0 
4 
é 
z 
5 ¢ 
ea z 
Fa = 
= 4 
O58 2 1, 
|e z 
G a iS my re | REA OF NOR 
2 rr 6 8 36 7 34 % OPERATION WITH 
INPUT VOLTAGE IN VOLTS STANDARD OR 
SCHOTTKY TTL 
Dwg. No. A-10,225A | | 
3.0 35 4.0 45 5.0 3.5 6.0 
INPUT VOLTAGE IN VOLTS 
Dwg. No. A-10,224A 
ULS20x4° ULS20X5° 


3.5 


Cirle 
ans 
CAS 
TEAS 


AREA OF NORMAL 
OPERATION WITH 
STANDARD OR 
SCHOTTKY TTL 


INPUT CURRENT IN ma 


Dwg. No. A-10.226A 


(INPUT CURRENT IN mA 


1,5 2.0 2.5 3.0 3.5 4.0 
INPUT VOLTAGE IN VOLTS 


Owg. No. A-10,8744 


X = digit to identify specific device. Specification or limit shown applies to family 
of devices with remaining digits as shown. 


2064 rnrv 


2077 


1.25 A QUAD DARLINGTON SWITCHES 


ULS2064H - ULS2067H 


Dwg. No. A-11.025 


ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 
for any one driver 
(unless otherwise noted). 


Output Voltage, Vopy one ees See Table 
Output Sustaining Voltage, 
CE(SUS) 
Output Current, lo; (Note 1) 
Input Voltage, V,,, (Note 2) 
Input Current, \5 (Note 3) 
Supply Voitage, V., 
(ULS2068/69H) 
(ULS2070/71H) 
Power Dissipation, Py 
(Each Output) 
(Total Package} See Graph 
Operating Ambient Temperature Range, 
-55°C to +125°C 
Storage Temperature Range, 
-65°C to +150°C 


—MIL-STD-883 COMPLIANT 


Intended for military, aerospace, and related applications, 
ULS2064H through ULS2077H quad Darlington switches interface 
between low-level logic and a variety of periphera) power loads such as 
relays, solenoids, dc and stepping motors, magnetic print hammers, 
multiplexed LED and incandescent displays, heaters, and similar loads 
of up to 400 watts (1.25 A per output, 80 V, 12.5% duty cycle, +50°C). 
The devices are specified with a minimum output breakdown of 50 volts 
(35 volts sustaining at 100 mA) or 80 volts (50 voits sustaining), and a 
saturated output current specification of 1.25 A. 


The ULS2064/65/68/69H switches are designed for use with TTL, 
DTL, Schottky TTL, and 5 V CMOS logic. The ULS2066/67/70/77H are 
intended for use with 6 V to 15 V CMOS and PMOS logic. Except for 
the ULS2077H, these devices include integral transient-suppression 
diodes for use with inductive loads. 


Types ULS2068H and ULS2069H incorporate a pre-driver stage 
operating from a low-current, 5 V supply. The pre-driver for the 
ULS2070H and ULS2071H operates from a low-current, 12 V supply. 
The input drive requirements for these devices are reduced, while still 
allowing the outputs to switch currents up to 1.5 A. 


The ULS2074H through ULS2077H switches are intended for use 
in emitter-follower applications. These circuits are identical with the 
ULS2064H through ULS2067H except for the uncommitted emitters 
and the omission of the suppression diodes. 


These quad Darlington switches are supplied in 16-pin ceramic/ 
metal side-brazed hermetic packages. On special order, economical 
ceramic/glass cer-DIP hermetic packages can be specified by changing 
the part number suffix from ‘H’ to ‘R’. Both package styles conform to 
the dimensional requirements of MIL-M-38510 and are rated for 
operation over the military temperature range of -55°C to +125°C. 
Reverse-bias burn-in and 100% high-reliability screening are standard. 


FEATURES 


@ TTL, DTL, PMOS, or CMOS Compatible Units 

@ Transient-Protected Outputs 

@ Hermetically Sealed Packages 

@ High-Reliability Screening to MIL-STD-883, Class B 


Always order by complete part number, e.g., [ULS2064H883 |. 
See matrix on next page. 


2064 THRU 2077 
1.25 A QUAD DARLINGTON SWITCHES 


ULS2068H — ULS2071H ULS2074H — ULS2077H 


25 50 75 199 125 159 Dwg, No. A-1 1.026 Dwg, No, A-11.027 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


Type Number x Veesus) (Min.) i Application 


ULS2064H 35 V TTL, DTL, Schottky TTL, 
ULS2065H 50 V and 5 V CMOS 


ULS2066H 35 V 6 to 15 V CMOS 
ULS2067H 50 V and PMOS 


ULS2068H 35 V TTL, DTL, Schottky TTL, 
ULS2069H 50 V and 5 V CMOS 


ULS2070H 35 V 6 to 15 V CMOS 
ULS2071H 50 V and PMOS 


ULS2074H General-Purpose 
ULS2075H 


LS2076H 6 to 15 V CMOS 
LS2077H and PMOS 


NOTES: 1. Allowable combinations of output current, number of outputs conducting. and duty cycle are shown on following pages. 


2. Input voitage is with reference to the substrate (no connection to any other pins) for the ULS2074/75/76/77H, reference is ground for 
all other types 


3. Input current may be limited by maximum allowable input voltage. 


2064 THRU 2077 
1.235 A QUAD DARLINGTON SWITCHES 


ULS2064H THROUGH ULS2067H 


PARTIAL SCHEMATIC 


ULS2064H Dwg. No. A-10,353 

uLs2065H Pin = 950% 

ULS2066H 

ULS2067H Rin ns Dwg. No. A-11,025 


ULS2068H THROUGH ULS2071H 


Vs 


PARTIAL SCHEMATIC 


1 
‘ 
a 
1 
' 
1 
H 
{ 


th 3K 
Dwg. No. A-10,354 
ULS2068H 
UrszoegH Rin = 25k, Rg = 900 2 
ULS2070H 
Uiszo71H Rina 11-6 KO, Re = 3.4 KO 


ULS2074H THROUGH ULS2077H 
PARTIAL SCHEMATIC 


T 
' 
' 
a ox 


4 
H E 


SU 


oS 


Dwg. No. A-10,355 


ULS2074H 


Riy = 350 2 
ULS2075H 
ULS2076H R. =3kQ 
ULS2077H IN Dwg. No. A-11,027 
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2064 THRU 2077 
1.25 A QUAD DARLINGTON SWITCHES 


ULS2064H THRU ULS2067H 
ELECTRICAL CHARACTERISTICS over operating temperature range 
(unless otherwise noted). 


meee. eae Applicable Test conditions. 
Characteristic Symbol Devices 
Output Leakage Current ULS2064/66H =50V 
emer fee es —E 
ULS2065/67H ¢ = 100 mA, V,, = 0.4 Vv 


Collector-Emitter 2 = 500 mA, |, = 1.1 mA 
Saturation Voltage 


= 750 mA, |, = 1.7 mA 
= 1.0 A, |, = 2.25mA 
= 1.25 A, 1, = 3.75 mA 


= 500 mA, | = 625 pA 
= 750 mA, |, = 935 WA 
= 1.0 A. 1, =1.25 mA 
= 1.25A,|,=2.0mA 
= 500 MA, |, = 625 WA 
= 750 mA, In = 935 HA 
=1.0A,|l,=1.25mA 
=1.25A,1,=2.0mA 


ULS2064/65H 


ULS2066/67H 


Input Voltage ULS2064/65H 2 ce = 20 VIG = 1.0A 
op = 2.0 VIG =1.0A 
ULS2066/67H : cE= 2.0 V, lo =1.0A 

=2Z,0N, lo =10A 


2064 THRU 2077 
1.25 A QUAD DARLINGTON SWITCHES 


ULS2068H AND ULS2069H 
Fee are CHARACTERISTICS over operating temperature range, 
V,=5.0V (unless otherwise noted). 


Applicable Test Conditions 
Characteristic Symbol Devices Electrical Conditions 


Output Leakage Current 


jo = 100 MA, Vy = 0.4 V 
¢ = 100 MA, Vy = 0.4 V 
Collector-Emitter le = 500 mA, Vin =3.2V 
Saturation Voltage 
|, = 750 mA, Vin =3.2V : 
= 1.0A,V,) = 3.2 Vv 
=1.25A, Vig 23.2 V 
le “= 500 mA, Vig =2.9V 
: = 750 MA, Vj = 2.9 V 
=1.0A, Vin =2.9V 
= 1.25 A, Vy=29V 
lo= = 500 mA, Ving =2.8V 


<j) <j) <]) <f <i <| <|<|< 


i 
H 


wlo}olwiwl rm! nr 


' 
1 
] 


<|<| <i 


ooo Viy2 28 
co LOA, Vin =28V 
y= 28V 


Input Current 


Input Voltage 


Supply Current 


Turn-On Delay 

Turn-Off Delay 

Clamp Diode Leakage Current ULS2068H 
ULS2069H — 


Clamp Diode Forward Voltage 


2064 THRU 2077 
1.25 A QUAD DARLINGTON SWITCHES 


ULS2070H AND ULS2071H 
ELECTRICAL CHARACTERISTICS over operating temperature range, 
V, = 12 V (unless otherwise noted). 


Applicable Test Conditions 
Characteristic Symbol Devices Electrical Conditions | Fig. | Min. Max. | 
loex 


Output Leakage Current ULS2070H 1 —_ 500 yA 
1 500 HA 


= }e] =] =| 


Output Sustaining Voltage Vceisus) ULS2070H 
ULS2071H |, =100 mA,V,, = 0.4 V 


Collector-Emitter Voeisar) Both Ig = 500 mA, V,, = 5.5 V 

Saturation Voltage i =750 mA, Vin —~55V 
p= 1.25A,V,=5.5V 
1, = 500 MA, Vy = 5.1 V 
I, =750 MA, Vy = 5.1 V 
p= 1.0A, Vy =5.1V 
p= 125A, VV =5.1V 
I, = 500 MA, Vy = 5.0 V 
ip = 750 MA, V,, = 5.0 V 
[p= 100A, Vy =5.0V 
I, = 125A, Vay =5.0V 


Input Current Inony Both -55 
to +25°C 
+125°C 


+25°C 
Supply Current | Both -55 to +25°C |] I, 
ee Re +125°C | 1, =500 MA, Vy =5.0V 


Vv 
S$ 


Clamp Diode Leakage Current ULS2070H V_a=50V 
ULS2071H Va_ = 80V 


Clamp Diode Forward Voltage 


ULS2071H — 
lg = 100 MA, Viv =0.4V 35 
50 


Voge =2.0V,1,=1.0A 
Vog = 2.0 V, 1, = 1.0A 
1, = 500 MA, Vy = 5.0 V 


el efoja]slslalefe]e)ejejeleleleeleleye 


i | 

aes 
> | a 
o!1o 
es 
>| > 
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2064 THRU 2077 
1.25 A QUAD DARLINGTON SWITCHES 


ULS2074H THROUGH ULS2077H 
ELECTRICAL CHARACTERISTICS over operating temperature range 
(unless otherwise noted). 


Characteristic Symbol Devices 
Output Leakage Current ULS2074/76H Vog = 50 V 
pommwom | fiseemt —feser — 
ULS2075/77H 


6 = 100 MA, Viy = 0.4 V 
Collector-Emitter Voeisar) 
Saturation Voltage 


¢ = 500 mA, |, = 1.1 mA 
Input Current N(ON) ULS2074/75H 
ULS2076/77H 


c= 750 mA, I, =1.7mA 
Input Voltage ULS2074/75H 


_ 500 


EIT 
e<|</</< <j<l< <|<]< ]</|5)5]§ 


og = 10 A, Ig = 2.25 mA 
5 = 125A, 1, =3.75 mA 
= 500 MA, I, = 625 HA 
¢ = 750 MA, |, = 935 WA 
= LOA, Ig = 1.25 mA 
= 125A, |,=2.0mA 
¢ = 500 MA, I, = 625 HA 
\¢ = 750 MA, lp = 935 yA 
g = 1.0 A, Ig = 1.25 mA 
= 125A, ly = 2.0 mA 
Vin=24V 
Vy = 3.75 V 
Viy= 5.0 V 
Vin = 12V 
Voge = 2.0V, i= 1.0A 
Voe = 2.0V,1g=1.0A 
Voge = 2.0 V, lg =1.0A 
Vop = 2.0V,1,=1.0A 


ford, EPS el Oy OO], OL Ny TS 


BPD PAL woOlw! wlow 


i 


al & 


ULS2076/77H 


oO, OFM) a) mn 
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2064 THRU 2077 
125A QUAD DARLINGTON SWITCHES 


Figure 1 
OPEN = YCE 
"Ex 
OPEN 
oO 
Dwg. No. A-97294 
Figure 4 
OPEN 


O OPEN 


Dwg, No. A-9732 


Figure 7 


Dwg. No. A-9736 


TEST FIGURES 


Figure 2 


OPEN 


Dwa. No. A+10,350 


Figure 5 


CPREN 


Dwg. No. A-9734A 


V5 CPEN 
9 


Dwg. No. A-10,354 


NOTE: Diodes not applicable to Types ULS2074H through ULS2077H. 


Figure 3 

OPEN 

or) 
Ic 
Vo 
Dwg. No. A-10,349 

Figure 6 

Vp 


Oren > ah 


Dwg. No. A-9735A 
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2064 THRU 2077 
1.25 A QUAD DARLINGTON SWITCHES 


Figure 9 COLLECTOR CURRENT 


1S0F 


. AS A FUNCTION OF INPUT CURRENT 
PEN 995 
PULSE 282/5W - ULS -2064H - ULS-2067H —_ 
GENERATOR 0 eee we ULs-2oraH © uLs-2077H 
ane ay se = ie 
OR 


ui 


Dwg. No. A-13,247 


ULS2064/65/68/69/74/75H 24V 
ULS2066/67/70/71/76/77H 5.0 V 


z 
COLLECTOR CURRENT iN AMPERES ~ 1, 


i<so% Cle I ~—t noone he 


| 
Ov SiPUT CURRENT HN: MELLIAMPERES © Typ 


INPUT 


Dwg. No. A-11,080 


Dwg. No. A:13,248 


INPUT CURRENT 
AS A FUNCTION OF INPUT VOLTAGE 


“YT  ULS-2064/65H 
ULS-2074/75H 
(Emitters Grounded) 


ULS~2066/67H 
ULS-2076177H 


> 


INPUT CURRENT IN mA - lig 


HNPUT CURRENT IN mA ~ typ, 


Te 
~~ : 
AREA OF NORMAL 
OPERATION WITH 
STANDARD OR - 
Z2eae ait: | 


i, 3.5 4.0 4.5 5.0 
{NPUT VOLTAGE - vin 


INPUT VOLTAGE » Ving 


Dwg. No. A-11,035 


2064 THRU 2077 
1.25 A QUAD DARLINGTON SWITCHES 


RECOMMENDED PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 


AT T, = +50°C 


tT + 


&BSOLUTE MAXIMUM CL 2RE 


PERES ATT, 50°C 


Dwg. No. A-11.031 


AT T, = + 735°C AT T, = +100°C 


ORRENT IN AMPERES ATT, 75°C 


i 
MBER CE OUTPUTS A 
CONDUCTING 9° MULTANEGHIS: ¥ 


ALLOWABLE COLLECTCM GuRRLIV’ [hy AMPERES & 


PEAR ALLOWABLE CO! 
Zz 


PEAR 


Dwg. No. A-** 732 Dwg. No. A-11,033 
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Z8O1 rev 


ULS28XXH/R 


Dwg. No. A-10,322 


ABSOLUTE MAXIMUM RATINGS 


Output Voltage, V._- 
(ULS280X*, ULS281X") 
(ULS282X*) 

Input Voltage, V,,, 

(ULS28X2*, X3*, X4*) 
(ULS28X5*) 

Peak Output Current, lay; 
(ULS280X*, ULS282x*) 
(ULS281X"*) 

Ground Terminal Current, laun 

Continuous Input Current, |, 

Power Dissipation, P,, 

(one Darlington pair) 
(total package) 

Operating Temperature Range, 
\ -55°C to +125°C 

Storage Temperature Range, 


Te setae sted -65°C to +150°C 


X = digit to identity specific device. Characteristic 
shown applies to family of devices with remaining 
digits as shown. 


“Complete part number includes a final letter to 
indicate package. 
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2825 


HIGH-VOLTAGE, HIGH-CURRENT 


DARLINGTON ARRAYS 


Designed to serve as interface between low-level circuitry and 
high-power loads, Series ULS2800EK, ULS2800H, and ULS2800R 
arrays consist of eight silicon NPN Darlington power drivers on a 
common monolithic substrate. They are ideally suited to driving relays, 
solenoids, magnetic print hammers, lamps, and other devices in high- 
reliability military or aerospace applications with up to 3 A output 
current per package. 


These devices are screened to MIL-STD-883, Class B and are 
supplied in a leadless ceramic chip carrier with Kovar lid (suffix ‘EK’), 
the popular ceramic/metal side-brazed 18-pin hermetic package (suffix 
‘H’), or ceramic/glass cer-DIP hermetic package (suffix ‘R’). All package 
styles conform to the dimensional requirements of MIL-M-38510 and 
are rated for operation over the full military temperature range of -55°C 
to +125°C. Reverse-bias burn-in and 100% high-reliability screening 
are standard. 


The 35 integrated circuits described here permit the circuit designer 
to select the optimal device for any application. In addition to the three 
package styles (note that the ceramic chip carrier is available only for 
the ULS2801EK through ULS2805EK devices), there are five input 
characteristics, two output-voltage ratings, and two output-current 
ratings. The appropriate part for specific applications can be deter- 
mined from the Device Part Number Designation chart. All units have 
open-collector outputs and on-chip diodes for inductive-load transient 
suppression. 


FEATURES 


TTL, DTL, PMOS, or CMOS Compatible Inputs 
Peak Output Current to 600 mA 
Transient-Protected Outputs 
High-Reliability Screening 

to MIL-STD-883, Class B 

-55°C to +125°C Temperature Range 


ULS280XEK 


Dwg. No. A-14,324 


Always order by complete part number, e.g., [ULS281 3H883}. 
See matrix on next page. 


2801 THRU 2825 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


DEVICE PART NUMBER DESIGNATION 


nm 
o 


SUFFIX 'H’, B gyq= 44°C 


uw 


lec a Logic Part Number 


nee General Purpose ULS2801* ULS2811* ULS2821* 
PMOS, CMOS 


14-25V ULS2802* ULS2812* ULS2822* 
PMOS 


5V ULS2803* ULS2813* ULS2823* 
TTL, CMOS 


6-15 V ULS2804* ULS2814* ULS2824* 
CMOS, PMOS 


High-Output ULS2805* ULS2815* ULS2825* 
TTL 


° 
a 


SUFFIX 'EK' 


i 
50 75 100 125 150 
AMBIENT TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 
Oo Oo 


nm 
a 


Dwg. GM-065 


PARTIAL SCHEMATICS 


ULS28xI1° ULS28X2° ULS28X3°* 
(Each Driver) (Each Driver) (Each Driver) 


Dwg. No A-9595 Dwg. No A-9650 Dwg. No. A-9651 


ULS28X4° ULS28X5° 


(Each Driver) (Each Driver) * Complete part number includes a final 


fetter to indicate package (EK = leadiess 
ceramic chip carrier, H = ceramic/metal 
side-brazed, R = cermic/glass cer-DIP. 


X = digit to identify specific device. 
Specification or limit shown applies to 
family of devices with remaining digits as 
shown. 


Dwg. No. A-9898A Dwg. No. A-10.228 
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2801 THRU 2825 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS2801EK/H/R THRU ULS2805EK/H/R 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 


Applicable Limits 
Characteristic — Devices | Temp. | Voltage/Current Fs. Min. Typ. Max. 


Output Leakage Current Voge = SOV 
ULS2802* "a = 50V, Vy = 6V 
ULS2804* Voge = SOV, Vin = 


Collector-Emitter |, =350 mA, ls = 850A 
Saturation Voltage 


= 200 mA, |, = 550A 

|, = 100 mA, |, = 350A 

|, = 350 MA, |, = 500 pA 

Ie = 200 mA, lp = 350 11A 

I, = 100 MA, I= 250A 

|, = 350 mat, I, = 500 nA 

I= 200 mAt, I, = 350 pA 

ip = 100 mA, |, = 250 HA 

Input Current ULS2802* w= : 850 1300 
“ULS2803" wed 50 930 1350 
ULS2804* wad 40 350 500 


i 
<|<[<|<[<|<|<]/</</5)5/5 


1000 1450 

ULS2805* w= 1500 2400 
All 

ULs2802" | -55° oe = 2.0 V, |, = 300 mA 


|, =300 mat 
ULS2803* Mog = 2.0 V, |= 200 mA 


co = 250mA 
|, = 300 mA 
= 200 mat 
= 250 mat 
¢ = 300 mat 


*Complete part number includes a final letter to indicate package Continued next page... 
(EK = leadiess ceramic chip cartier, H = ceramic/metal side-brazed, R = ceramic/giass cer-DIP). 


NOTE 1: All limits stated apply to the complete Darlington series except as specified for a single device type. 
NOTE 2: The linc OF 
NOTE 3: The Vinron) voltage limit guarantees a minimum output sink current per the specified test conditions. 
TPulse Test, 1, <1 HS, see graph. 


f) current limit guarantees against partial turn-on of the output. 


2801 THRU 2825 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS2801EK/H/R THRU ULS2805EK/H/R ELECTRICAL CHARACTERISTICS continued 


Applicable Test Conditions 
Characteristic Symbol Devices Voltage/Current | Fig. | Min. Typ. Max. | Units | 
_ — 6.0 


Input Voltage (cont.) Vincon ULS2804" Vog =2.0V, |, = 125mA 5 
Vog = 2.0 V, |, = 200 mA 
Vog =2.0V, |, =275mA 
Vog = 2.0 V, |, = 350 mA 
Voge = 2.0 V, |, = 125 mA 
Vog = 2.0 V, |, = 200 mat 
Vog = 2.0 V. 1, = 275 mat 
Vog = 2.0 V. 1, = 350 mat 
ULS2805" Voge = 2.0 V, 1, = 350 mA 
Vog = 2.0V, |, = 350 mat 


ING 

5 

5 

5 

5 

5 

5 

5 

5 : 

5 : 

D-C Forward Current Nee ULS2801* -55°C Voge = 2.0 V. 1, = 350 mA 2 500 — — 
OR A 
[runoroeay [mw | Ar [awe [| | = am 000 |e | 


All 

Alt 
Clamp Diode All V_=50V 
Leakage Current 
Clamp Diode V, All |, = 350 mAt 
Forward Voltage 


“Complete part number includes a final letter to indicate package (EK = leadless ceramic chip carrier, H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP). 
NOTE 1: All limits stated apply to the complete Darlington series except as specified for a single device type. 

NOTE 2: The IOFF) current limit guarantees against partial turn-on of the output. 

NOTE 3: The Viniony voltage limit guarantees a minimum output sink current per the specified test conditions. 

tPulse Test, tS THs, see graph. 


<j <j<j <j <j <j <j] <ji<i< 


2801 THRU 2825 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS2811H/R THRU ULS2815H/R 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 


Applicable Test Conditions 
Characteristic Symbol Devices | Temp. | Voltage/Current | Fig. | 
Output Leakage Current loex 
ULS2812"* 


ce = SOV, Vy, = 6V 
ULS2814* Vog = 50V, Vy = 1V 


= 500 MA, |, = 1100 nA 
= 350 MA, |, = 850 pA 
= 200 MA, |, = 550 nA 
¢ = 500 MA, |, = 600 LA 
|, = 350 mA, |, = 500 1A 
= 200 MA, |, = 350 uA 
|, = 500 mAT, |, = 600 pA 
¢ = 350 mat, |, = 500 pA 
= 200 mat, |, = 350 pA 


Collector-Emitter 
Saturation Voltage 


Cc 


<i<|<j<[<j}<|</<|/</Si5 5 


ULS2812* 
ULS2813* 
ULS2814* 


Input Current 


pA 


ULS2815* 
All 
ULS2812* 


Input Voltage 


ULS2813* 


| ee ee 9 
< 
<j <|<)<)/<) </<]/</$/5 


*Complete part number includes a final letter to indicate package (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP). Continued next page... 
NOTE 1: Alllimits stated apply to the complete Darlington series except as specified for a single device type. 

NOTE 2: Thel,, (OFF) current limit guarantees against partial turn-on of the output. 

NOTE 3: The Ving ON) voltage limit guarantees a minimum output sink current per the specified test conditions. 


Pulse Test, <1 Us, see graph. 
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2801 THRU 2825 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS2811H/R THRU ULS28 15H/R ELECTRICAL CHARACTERISTICS continued 


Applicable Test Conditions 
Characteristic Symbol Devices Voltage/Current Min. Typ. Max. 


Input Voltage (cont.} Vision) ULS2814" = . — — 0 


ULS2815* 


D-C Forward Current 
Transfer Ratio 


9 


00: 22 = 
— 250 1000 
Se 8G 


DODERRERREReGL 


Ss 
S 


n 
ni 


| rs | 


250 1000 


Clamp Diode Vv 
Forward Voltage 


*Complete part number includes a final letter to indicate package (H = ceramic/metal side-brazed. R = ceramicigiass cer-DIP) 
NOTE 1: Alllimits stated apply to the complete Darlington series except as specified for a single device type. 

NOTE 2: The IINOFF) current limit guarantees against partial turn-on of the output. 

NOTE 3: The V,y,o,) Voltage limit guarantees a minimum output sink current per the specified test conditions. 
tPulse Test, {<1 us, see graph. 
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2801 THRU 2825 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS2821H/R THRU ULS2825H/R 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 


Applicable Test Conditions Limits 
Characteristic aia Devices 


Voltage/Current | Fig. | Min. Typ. Max. 


Output Leakage Current Voge = 95 V 
ULS$2822* Vos = 95V, V,= 6V 
ULS2824* Vor = O5V, Vin =1V 
Voge = 95 V, Viy= 0.5V 1B 
Ig = 350 mA, |, = 850 pA 
|, = 200 mA, |,, = 550 pA 
|, = 100 mA, |, = 350 HA 
I, = 350 MA, |, = 500 yA 
I, =200mA, i, = 350 uA 
I, =100mA, 1, = 250 yA 
|, = 350 mat, |, = 500 nA 
I, = 200 mA, |, = 350 pA 
Ip = 100 MA, |, = 250 nA 
Viy=17V 
Viy = 3.85 V 
Viy = 5:0 V 
Viy=t2V 


Collector-Emitter 
Saturation Voltage 


| ULS2822* 
ULS2823* 


ULS2824"* 


480 850 1300 
650 930 1350 
240 350 500 

650 1000 1450 


Input Current IN(ON) 


a, nt ot oto] of] ot oO BPO] BD WI WwW] WITM!) MI NIN: NM NN! NIN NM 


ULS2825* Vin =3.0V -— 1500 2400 pA 
_ All Ik = 500 pA _ pA 
Input Voltage Vincon) ULS2822* Vog =2.0V, |, = 300 mA Vv 
= t 
Voge = 2.0 V, 1, = 300 mA v 
ULS2823* Voe =2.0V, I, = 200 mA Vv 
Voe = 2.0 v, |, = 250 mA Vv 
Voge = 2.0 V, 1, =300 mA Vv 
Vog = 2.0V, |, = 200 mat Vv 
= = t 
Voge = 2.0 V, |, =250 mA Vv 
= ce, t 
Vog = 2.0 V, 1, = 300 mA v 
“Complete part number includes a final letter to indicate package (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP). Continued next page... 
NOTE 1: All limits stated apply to the complete Darlington series except as specified for a single device type. 
NOTE 2: The line (OFF) current limit guarantees against partial turn-on of the output. 
NOTE 3: The V voltage limit guarantees a minimum output sink current per the specified test conditions. 


IN(ON) 
tPulse Test, t, <1 us, see graph. 
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2801 THRU 2825 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS2821H/R THRU ULS2825H/R ELECTRICAL CHARACTERISTICS continued 


Applicable 
Characteristic Symbo! Devices Voltage/Current | Fig. | Min. Typ. M | Units | 


jax. 
Input Voltage (cont.) Vin ULS2824" 6.0 


+125°C, 


<j/<j<]<j<]/ <j </</<j< 


500 — — 
1000. — 
[8 | 
| 8 | 


Voge = 2.0 V, |, = 350 mA 
Vog = 2.0 V, 1, = 350 mA 


Fig. 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
2 
2 


100 
Clamp Diode Ig All V_=95V — 50 pA 
Leakage Current 
Clamp Diode Vv, All r= : 
Forward Voltage 


“Complete part number includes a final letter to indicate pachage (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP). 
NOTE 1: Alllimits stated apply to the complete Dartington series except as specified for a single device type. 

NOTE 2: The lorry current limit guarantees against partial turn-on of the output. 

NOTE 3: The Vision} voltage limit guarantees a minimum output sink current per the specified test conditions. 


tPulse Test, 1) 1 Ms, see graph. 
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2801 THRU 2825 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


FIGURE IA 


OPEN = VCE 


Dwg, No. A.-9729A4 


FIGURE 3 
OPEN 
"in 
OPEN 
Yin = 
Owg. Na. A-9732 
FIGURE 6 


Dwg. No. A-9735A 
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TEST FIGURES 


FIGURE IB 


OPEN cE 


Dwg, No. A-9730A 


FIGURE 4 


open “ce 


Dwg. No. A-9733A 


FIGURE 7 


OPEN 


Owg. No, A-9736 


FIGURE 2 
OPEN 
bre = e 
's 
Vey c 
Dwg, No. A-9731 
FIGURE 5 
OPEN 
Vin Ic 
v) Vor 


Dwg. No. A-9734A 


2801 THRU 2825 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


Vin +50V 
ULS28x1* 3.5V 7 
ULS28x2" 13V 
ULS28X3" 3.5V ee kc 
ULS28xX4* 12V gies OUTPUT 
ULS28X5* 3.5 V 


Dwg. No. A-13,273 


* Complete part number includes a fina! letter to indicate package. 


X= Digit to identify specific device. Specification shown applies to family of devices 


—e| 
OUTPUT. with remaining digits as shown. 


Owg. No. A-13.272 


FIGURE 8 


COLLECTOR CURRENT COLLECTOR CURRENT 
AS A FUNCTION OF SATURATION VOLTAGE AS A FUNCTION OF INPUT VOLTAGE 


COLLECTOR CURRENT IN mA 
COLLECTOR CURRENT IN mA 


0 200 400 600 


COLLECTOR-EMITTER SATURATION VOLTAGE IN VOLTS Ae ue 


Dwg. No. A-9754C Dwg. No. A-10,872B 
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2801 THRU 2825 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS28XXH 


RECOMMENDED PEAK CURRENT 
AS A FUNCTION OF DUTY CYCLE AT +50°C 


600 -~ 


Sao eS 


RECOMMENDED MAXIMUM CURRENT ~ ULS- 281 


OXH AND Ub$-282> 


8 


8 


INUMBER OF OUTPUTS 
CONDUCTING 
SIMULTANEOUSLY ear 


20 40 60 e0 100 
PERCENT DUTY CYCLE 


PEAK COLLECTCR CURRENT IN mA AT +50°C 


° 


Dwg. No. A-10,875A 


RECOMMENDED PEAK CURRENT 
AS A FUNCTION OF DUTY CYCLE AT +100°C 


ic 
g 


, 


~ 28 


MENDED MAXIMUM CURRENT = ULS: 
400 = ah, Content 


4. 


200 t- 


NUMBER OF OUTPUTS 
CONDUCTING 
9 [SIMULTANEQUSLY t 
9 0 


PEAK COLLECTOR CURRENT IN mA AT +100 


a: a) 


PERCENT DUTY CYCLE 


100 


Dwg. No. A-10,877A 


RECOMMENDED PEAK CURRENT 
AS A FUNCTION OF DUTY CYCLE AT +75°C 


me 4+ 


IMUM CURRENT. 


OXH AND ULS-282XH 
_- — ~— 


4 
NUMBER CF OUTPUTS 
CONDUCTING 

0 SIMULTANEOUSLY 


0 20 40 60 80 100 
PERCENT DUTY CYCLE 


PEAK COLLECTOR CURRENT IN mA AT +75°C 


Dwg. No. A-10,876A 


RECOMMENDED PEAK CURRENT 
AS A FUNCTION OF DUTY CYCLE AT +125°C 


8 


RECOMMENDED MAXIM 


pe 
8 


8 


CONDUCTING 
SIMULTANEOUSLY 


PEAK COLLECTOR CURRENT 1N mA AT 125°C 


PERCENT DUTY CYCLE Dwg. No. A-10,878A 


X = digit to identify specific device. Specification or limit shown applies to family 


of devices with remaining digits as shown. 
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2801 THRU 2825 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


ULS28XXR 
RECOMMENDED PEAK CURRENT RECOMMENDED PEAK CURRENT 
AS A FUNCTION OF DUTY CYCLE AT +50°C AS A FUNCTION OF DUTY CYCLE AT +75°C 


PEAK COLLECTOR CURRENT IN mA 41 + 90% 
8 


5 


a ca Ge ee eed “ 


+ st Aro 
‘ 1 
i 


| 
! | 

RECOMMENDED MAXIMUM CURRENT - ULS-28xR AND ULS-282"8 

beoleaten datenten temteasan! —— ‘an ot 


4g0 | RECOMMENDE 


ES 
Fay 
S 


CR CURRENT IN m& AT +? 


| 
| 


NUMBER é SURE OF OUTPUTS | 
CONDUCT! ~%  |ECNOUCTING | 
o WULTANEOUSLY “= t & 5 BIMULrANEOUSLY 
PERCENT DUTY CYCLE PERCENT DUTY CYCLE 
Dwg. No. A-16,87G4 Dwg. No. A-10,871A 
RECOMMENDED PEAK CURRENT RECOMMENDED PEAK CURRENT 
AS A FUNCTION OF DUTY CYCLE AT +100°C AS A FUNCTION OF DUTY CYCLE AT +125°C 


g 


— — — 


"TS ae —— +3 
| | 
RECOMMENDED MAXIMUM CURRENT ~ zee AND ULS-Z82xR 
BNNS $2282 AND Ute ge2xe_ > 


s 
Ss 
S 


PEAK COLLECTOR CURRENT IN mA AT +1008C 


PEAK COLLECTOR CURRENT IN mA AT +125%C 


200 + 200 
L | 2 NUMBER G 
NUMBER OUTPUTS. i OF OUTPUTS 
CONDUCTING CONDUCTING Sf 
0 { SIMULTANEOUSLY ~~ LL oe i J 6 SIMULTANEOUSLY 
0 2c 40 60 _ & 100 0 20 40 40 80 100 
PERCENT DUTY CYCLE PERCENT OUTY CYCLE 
Dwg. No. A-12,466 Dwg. No. A-12,467 


X = digit to identify specific device. Specification or limit shown applies to family 


of devices with remaining digits as shown. 
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2801 THRU 2825 
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 


INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 


ULS28X2° ULS28X3° 


INPUT CURRENT IN mA 
2 


INPUT CURRENT IN mA 


! 
AREA OF NORMAL -—~ 
OPERATION WiTH 
STANDARD OR 
SCMOTIKY TTL 


18 20 
INPUT VOLTAGE 'N VOLTS 


2 14 16 


Dwg. No. A-10,225A 20 2.5 3.0 15 4.9 45 


INPUT VOLTAGE Its VOUTS 


Dwg. No. A-10,224A 


ULS28X4° ULS28X5° 


INPUT CURRENT IN mA 


INPUT VOLTAGE IN VOLTS 
Dwg. No. A-10.226A 


INPUT CURRENT iN mA 


PA AREA OF NORMAL 


P| OPERATION WITH 


STANDARD OR 
SCHOTTKY TTL 


1.5 2.0 2.5 3.0 3.5 4.0 
INPUT VOLTAGE IN VOLTS 


Dwg. No. A 10,874A 


X = digit to identify specific device. Specification or limit shown applies to family 
of devices with remaining digits as shown. 
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2936 


MIL-STD-883 COMPLIANT 


3-PHASE BRUSHLESS DC MOTOR 
CONTROLLER/DRIVER 


The UDS2936V combines logic and power to provide commutation 
and drive for a three-phase brushless dc motor. Each of the three push- 


pull outputs are rated at 45 V and +2 A (+2.3 A peak), and have internal 
Try kee IN inductive-load transient suppression diodes. The driver also includes 
specie @ ON PWM current control and thermal shutdown protection. Reverse-bias 
ao ONNECT ON burn-in and 100% high-reliability screening to MIL-STD-883, Class B 
outs (4 OUT s are standard. 
ours COMMUTATION Be asiy The UDS2936V is compatible with single-ended digital or linear 
2b Hall effect sensors and is programmed for 60° electrical separation 
THs [syTHS orr (other separation sequences, such as 120°, are available). Current 
nos control is accomplished by sensing current through an external resistor 
CONNECTION and pulse-width modulating the source drivers. Voltage thresholds and 


hysteresis can be externally set by the user. If desired, internal thresh- 
old and hysteresis defaults (300 mV, 7.5%) can be used. Internal 

>: RECTION protection circuitry prevents crossover current when braking or chang- 
ing direction. The UDS2936V differs from its commercial version 

Dwg. PM-Oe: (UDN2936W); the output emitters are separated from the current 
sensor input, thus allowing increased versatility in control techniques. 


The UDS2936V is supplied in a 15-pin, flange-mount MO-097AA 
style hermetic package for improved power dissipation capabilities. An 
external heatsink is required for high-current applications. The flange is 


ABSOLUTE MAXIMUM RATINGS at ground potential and normally needs no isolation. 

Motor Supply Voltage. Vag... .- + +s. 45V FEATURES 
Output Current, |, (300 ms) ...... 12.3 A @ 40 V to 45 V Operation 

(Continuous) ............00.- +2.0A M@ +2 A Output Current 
Input Voitage Range, i Internal Clamp Diodes 

Vin cot tt terrence *O.8V 19.4150" @ Internal PWM Current Control 
Threshold Voltage. Vaiss... 2500+. 1SV @ 60° Commutation Decoding Logic 
Package Power Dissipation, @ Internal Therma! Shutdown Circuitry 

Par ccre ree tt eee ete eee See Graph @ Compatible with Digital, Open-Collector Hail Effect Sensors 
Operating Temperature Range, ™® Braking and Direction Control 

Ar cttes boven “55°C to +125°C @ Hermetically Sealed Package 

Junction Temperature, T). ....... +150°C? @ High-Reliability Screening 
Storage Temperature, 

T -65°C to +150°C 


Pe 
Vy Must not exceed Vag 


+ Fault conditions which produce excessive 
junction temperature will activate device thermal 
shutdown circuitry. These conditions can be 
tolerated, but should be avoided. 


Output current rating may be restricted to a value 
determined by system concerns and factors. 
These include: system duty cycle and timing, 
ambient temperature, and use of any heatsinking 
and/or forced cooling. For reliable operation the 
specified maximum junction temperature should 
not be exceeded. 


Always order by complete part number: {UDS2936V883 . 


2936 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 
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° 


© 


D 


£ 


By 


o 


FUNCTIONAL BLOCK DIAGRAM 


\ 
8°C.W HEAT SINK, 


Roja = 10°CW 


FREE AIR, Raya = 45°C 


COMMUTATION LOGIC 


ie) 
a 


eh 


50 


| 5h 
DIRECTION 7 

Sa 2 at iia a THERMAL 
75 Too 725 150 © jay LSHUTOOWN 
TEMPERATURE IN °C y 


Owg. GM-CO1A BRAKE 
sACTIVE LOW) 


@ Seto 


NO CONNECTION 


Dwg. FM-001 


COMMUTATION TRUTH TABLE 


Hall Sensor Inputs Outputs 


H, DIRECTION BRAKE OUT 


X= Irrelevant 
Z = High Impedance 


2936 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER 


ELECTRICAL CHARACTERISTICS at T, = -55°C to +125°C, V,, = 45 V 


(unless otherwise noted). 
Limits 
Test Conditions Typ. Max. 


[units | 
Supply Voltage Range — 10 45 


Supply Current 


Output Drivers 


Output Leakage Current =Vz gr Output State = Z 
=OV, “Output State = 


Output Saturation Voitage Voeisat: Sue Driver, 
tiger ee) Sink Driver, | 
? OU 


Source Driver, loz = 


Sink Driver, lo = +2.0A 


Output Saturation Voltage Voeigary Source Driver, 

T, = +125°C) ‘ ; 

( A Sink Driver, lou 
Source Driver, 
Sink Driver, |, 


Output Sustaining Voltage 


Output Switching Time tL Source Driver, 0 to -2.0 A, 10% to 90% 
(Resistive toad) Sink Driver, 0 to +2.0 A, 10% to 90% 


Source Driver, -2.0 A to 0, 90% to 10% 


Sink Driver, +2.0 A to 0. 90% to 10% 


Clamp Diode Leakage Current Ve ais 1] 


Clamp Diode Forward Voitage Ve |. =2.0A, T, = -55°C to +25°C 
p= 2.0A,T, = +125°C 


Typical Data is for design information only and is at T, = +25°C. Continued Next Page... 
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2936 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER 


ELECTRICAL CHARACTERISTICS (cont'd) 


Limits 
Symbol Test Conditions Min. Typ. Max. | units | 


Control Logic 


Logic Input Voltage 


Vino) 
Sensor Input Threshold 


input Current age 
I ; 
Ving sense < Vryg/10.5 
<3.0V, Veense < Vipg/9-5 


Vv 


Thermal Shutdown Hysteresis 


Typical Data is for design information only and is at T, = +25°C. 
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2936 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER 


APPLICATIONS INFORMATION 


The UDS2936V power driver provides commutation logic and 
power outputs to drive a three-phase brushless dc motor. 


It is designed to interface with single-ended linear or digital Hall 
effect devices (HEDs). Internal pull-up resistors on the inputs allow for 
direct use with open-collector digital HEDs. The H, inputs have 2.5 V 
thresholds. 


The commutation logic provides decoding for HEDs with 60° 
electrical separation (120° separation is also available). At any one step 
in the sequencing, one half-bridge driver is sourcing, one driver is 
sinking, and one driver is in a high-impedance state (see truth table). 
Changing the logic level of the DIRECTION input inverts the output 
states, thus reversing the direction of the load current and the motor. A 
logic low on the BRAKE input turns ON all three sink drivers and turns 
OFF all source drivers, dynamically braking the motor. An internally 
generated deadtime (t,) of approximately 2 ys prevents potentially 
destructive crossover currents that can occur when changing direction 
or braking. Circuit design consideration and care should preclude 
exceeding the specified peak current rating during braking or directional 
change, especially in applications involving high inertial loads and/or 
higher motor supply voltage operation. 


Motor current is internally controlled by pulse-width modulating the 
source drivers with a preset hysteresis format. Load current through an 
external sense resistor (R,) is constantly monitored. When the current 
reaches the set trip point (determined by an external reference voltage 
or internal default), the source driver is disabled. The actual load 
current will peak slightly higher because of the internal logic and 
switching delays. Current recirculates through the ground clamp diode, 
motor winding, and sink driver. An internal constant-current sink re- 
duces the trip current (hysteresis). When the decaying current reaches 
this lower threshold, the source driver is enabled again and the cycle 
repeats. 


Thresholds and hysteresis can be set with external resistors or 
internal defaults can be used. With V,,,, < 3.0 V, the trip point is inter- 
nally set at 300 mV with 7.5% hysteresis. Load trip current is then 
determined by the equation: 


Lap = 0.3/R, 


TRIP 


With V_,,, < 3.0 V, the threshold, hysteresis percentage, and load 
trip current are set with external resistors according to the equations: 


Veer ° R, 
Threshold Voltage (V,,,,) = T= Be el 
H T 
af R 
Hysteresis Percentage = OT 
REF 
Load Trip Current (I...) = aie 
TRIP. 410 R, 


Percentage hysteresis is a fixed value independent of load current. 
The PWM frequency is a function of circuit parameters including load 
inductance, load resistance, supply voltage, hysteresis, and switching 
speed of the drivers. 
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2936 
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER 


VDIRECTION 


+ 


OUT, 0 


+ 
OUTgp oO 


OUTc 0 


Dwg. WM-002 


TYPICAL HALL EFFECT/SENSOR LOCATIONS 


- ° 
i 
if 
° 
¢ “ of 
? 


Dwg. No. W-193 
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2953 


MIL-STD-883 COMPLIANT 


OUTPUT 
ENABLE 


VREP BRAKE 


RC (TIMI 


NO CONNECTION Owg. PM-004 


ABSOLUTE MAXIMUM RATINGS 


Motor Supply Voltage, Vag. ....-. 6. 50 V 

Output Current, |,,; (800 ms) ......+2.3A 
(Continuous)................ +2.0A 

Flyback Diode Voltage, V,. 

Minimum Clamp Diode Voltage, 


Logic Supply Voltage, V., 
Logic Input Voltage Range, 
Vin ccc test eet e eee -0.3 V to +7.0 V* 
Sense Voltage, Voense 
Reference Voltage, V,,../BRAKE 
Package Power Dissipation, 
See Graph 


Operating Temperature Range, 
T -55°C to +125°C 
Junction Temperature, T,........ +150°Ct 


Storage Temperature Range, 
-65°C to +150°C 


Vin Must not exceed V_.. 


tFault conditions which produce excessive 
junction temperature will activate device thermal 
shutdown circuitry. These conditions can be 
tolerated, but should be avoided. 


Output current rating may be restricted to a value 
determined by system concerns and factors. 
These include: system duty cycle and timing, 
ambient temperature, and use of any heatsinking 
and/or forced cooling. For reliable operation the 
specified maximum junction temperature should 
not be exceeded. 


FULL-BRIDGE 
PWM MOTOR DRIVER 


Designed for bidirectional control of dc or stepper motors, the 
UDS2953V is rated for continuous output currents to +2 A. For pulse- 
width modulated (chopped mode) operation, the output current is 
determined by the user’s selection of a reference voltage and sensing 
resistor while the OFF pulse duration is set by an external RC timing 
network. Extensive internal circuit protection includes thermal shutdown 
with hysteresis, output suppression diodes to protect the bridges from 
the transients generated when switching inductive loads, and crossover 
current protection. Reverse-bias burn-in and 100% high-reliability 
screening to MIL-STD-883, Class B are standard. 


When the V,,.,/BRAKE pin is low (<0.8 V), the braking function is 
enabled. This turns both sink drivers OFF and the source drivers are 
turned ON. When V,..,/BRAKE is set above 2.4 V, that voltage (and the 
current sensing resistor) determines the load current trip point. An RC 
TIMING pin is provided for control of an internal one-shot and load 
current decay time. 


The UDS2953V is supplied in a 15-pin, flange-mount MO-097AA 
style hermetic package for improved power dissipation capabilities. An 
external heatsink is required for high-current applications. The flange is 
at ground potential and normally needs no isolation. 


FEATURES 


+2 A Output Current 

Output Voltage to 50 V 

Internal Flyback Diodes 

Output Current Sensing 

Internal Thermal Shutdown Circuitry 
Crossover-Current Protected 
Hermetically Sealed Package 
High-Reliability Screening 


Always order by complete part number: | UDS2953V883 |. 
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2953 
FULL-BRIDGE PWM MOTOR DRIVER 


FUNCTIONAL BLOCK DIAGRAM 


ave 


Ves 


OUTPUT 
ENABLE 
(ACTIVE LOW) 


Vrer / BRAKE 


RC (TIMING) (5) SENSE 


GROUND GROUND 


Dwg. FM-002-1 


TRUTH TABLE 


OUTPUT 
ENABLE PHASE V,,,/BRAKE|OUT, OUT, 


High Low 


Low High 
Open Open 
High High 


8°C/W HEAT SINK, 


x = Irrelevant 


FREE AIR, Reya= 45°C 


25 50 75 100 125 150 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


Dwg. GM-001A 


9 PN a PF TR I FP LE EE 
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2953 
FULL-BRIDGE PWM MOTOR DRIVER 


ELECTRICAL CHARACTERISTICS at T, = -55°C to +125°C, V,, = 50 V,V...= 5 V, 


Vounse = OV, 5 kQ RC to Ground (unless otherwise noted). 


Limits 
Characteristic | Symbol Test Conditions Min. Typ. Max. | Units | 


Output Drivers 


Supply Voltage Range Operating 


Output Leakage Current Vour= Vee: V, = 5.0 V, Note 3 


ENABLE — 
Vout = 9 V: Venaate = 5:0 V, Note 3 


Output Saturation Voitage Vv 
(T, = 55°C to +25°C) 


CEISATi 


Output Saturation Voltage Vv 
(T, = +125°C) 


CE(SAT: 


Output Sustaining Voltage Vv Igy = $2.0 A, L=3 mH. 
Az +25°C, Note 3 


Clamp Diode Leakage Current V,=50V 


Clamp Dioce Forward Voltage : I. =2.0A,T, =-55°C to +25°C 


|= 2.0A,T, = +125°C 


Motor Supply Current Venaate = 0-8 V. Veep = 2.4 V 


No Load = 2 ~ 
iipshead) Venapue = Veer = 2-4 V 


Venapre = 5-0 Vi Vege = 0.8 V 


NOTES: 1. Typical Data is for design information only and is at T, = +25°C. Continued next page... 
2. Each driver is tested separately. 
3. Test is performed with Vpjace = 0.8 V and then repeated for Voy nce = 2.4 V. 

4. Negative current is defined as coming out of (sourcing) the specified device pin 
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2953 
FULL-BRIDGE PWM MOTOR DRIVER 


ELECTRICAL CHARACTERISTICS continued 


Limits 
Symbol Min. Typ. Max. —_ 


Control Logic 


Logic Input Voltage Vinay 
i a eer 
Input Current | Vin= 2.4 V 
Pcrentnitveres || ar Vang roa, aE | 


Reference Voltage 


Propagation Delay Time tg lou = £2.0 A, Note 3, 
50% Vouage 10 90% boyy 


Logic Supply Current Venasce = Veer = 24 V 
Venaste = 0-8. Vier = 2.4V 


NOTES: 1. Typical Data is for design information only and is at T, = +25°C. 
2. Each driver is tested separately. 
3. Test is performed with V,,,<. = 0.8 V and then repeated for Vp. j.c¢ = 2.4 V. 
4. Negative current is defined as coming out of (sourcing) the specified device pin. 


IN(1) 
IN(O) 
REE 

Thermal Shutdown Temp. T, 
AT, 

‘og 
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2953 
FULL-BRIDGE PWM MOTOR DRIVER 


FIGURE 1 


VpHase 


CROSSOVER - ~ 
CURRENT DELAY 


Dwg. WM-003 


FIGURE 2 


50K 


Vaer/BRAKE BRAKE 
° LOGIC 
45k $ 


VRer/i0 arco ‘OUT 


R SENSE 


{TYP S05) 


Owg. No. A-13,025 


FIGURE 3 


R 


NORMAL NORMAL 


Dwg. WM-004 


— "aur = Yaer § 70 Rs 


APPLICATIONS INFORMATION 


The UDS2953V full-bridge driver is ideal for driving 2-phase bipolar 
stepper, bidirectional de servo, and brushless dc motors with various 
pulse-width modulation (PWM) current-contro! formats. Output current 
is controlled by using an external sense resistor and an optional RC 
network and reference voltage for an internal fixed-frequency PWM 
circuit, or by using an external PWM source. 


The output current trip point is set up by: 
Vv 


| REF 


TRIP ~ 
10 Reenge 


When the current in the sense resistor (typically <0.5 Q) reaches 
the set point, an internal one-shot turns OFF the sink drivers for a time 
period (t,,) determined by the RC time constant. The actual peak load 
current will be slightly higher than the trip point (especially for low- 
inductance loads) because of the internal logic and switching delays. 
This delay (t,) is typically 2 ys. 


The t,,, time interval (see Fig. 1) is approximately 1/RC within the 
range of 20 kQ to 100 kQ and 200 pF to 500 pF. If the RC pin is tied to 
Vac: internal delay circuitry is activated, allowing PWM operation without 
the external RC network. Under this condition, |... will increase approxi- 
mately 6 mA. The internally generated t,, is approximately 12 us at V,, 
= 5 V and T, = +25°C. increasing slightly with increasing temperatures. 
The RC pin must be connected to an RC network or to V,,. It must not 
be left unconnected. 


For externai current control, V,., can be between 2.4 V and 15 V. 
If left unconnected, V,.. defaults to V../2 (see Fig. 2). 

Average load current can also be adjusted by external pulse-width 
modulation using the OUTPUT ENABLE pin. Toggling the OUTPUT 
ENABLE line shuts OFF both the source and sink drivers. Both the 
flyback and ground-clamp diodes conduct, resulting in very fast current 
decay. In this mode, the RC pin should be connected to ground through 
a5 kQ resistor. 


With the RC pin connected to V.., Vaz, and Revs, selected for a 
trip point greater than normal operation, but less than the absolute 


maximum allowable, over-current protection is provided (Fig. 3). 


A logic low at the V.,./BRAKE pin turns ON both source drivers and 
turns OFF both sink drivers, thus dynamically braking the motor. 


An internally generated deadtime of approximately 3 us reduces 
crossover currents that can occur when switching phases or braking. 


Thermal protection circuitry is activated and turns OFF all drivers at 
a junction temperature of typically 165°C. It is only intended to protect 
the chip from catastrophic failures due to excessive junction tempera- 
tures. The thermal shutdown has a hysteresis of approximately 8°C. 
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SERIES 2980 


MIL-STD-883 COMPLIANT 


HIGH-VOLTAGE, HIGH-CURRENT 


a 


vs 
J 
Eales 


f 


Owg. No. A-10,243 


ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 


Output Voltage Range, V,,_ 
(UDS2981 and 


UDS2982H/R) ...-.-....-. 5 Vto50V 
(UDS2983 and 
UDS2984H/R).........- 35 V to 80 V 


Input Voltage, V.., 
UDS2981 and 


UDS2983H/R) ..........-.-055 15V 

(UDS2982 and 

UDS2984H/R) ........-0 22 eee 30 V 
Output Current, logy... eee ees -500 mA 
Ground Terminal Current, 


Power Dissipation, Py 
(any one driver) .......--.-.-- 1.14W 
total package)..........- See Graph 
Operating Temperature Range. 

-55°C to +125°C 
Storage Temperature Range, 
bo hia s Goan -65°C to +150°C 


SOURCE DRIVERS 


Series UDS2980H and UDS2980R hermetically sealed source 
drivers link standard low-power digital logic and relays, solenoids, 
magnetic print hammers, stepping motors, LEDs, and lamps in applica- 
tions requiring separate logic and load grounds, load supply voltages to 
+80 V, and load currents to 500 mA. 


Types UDS2981H/R and UDS2983H/R are intended for use with 
5 V logic systems (TTL, Schottky TTL, DTL and § V CMOS). 
UDS2982H/R and UDS2984H/R integrated circuits are intended for 
MOS interface (PMOS and CMOS) operating from supply voltages of 
from 6 to 16 V. 


Types UDS2981H/R and UDS2982H/R will withstand an output OFF 
voltage of 50 V. UDS2983H/R and UDS2984H/R drivers will withstand a 
maximum output OFF voltage of 80 V. 


Under normal operating conditions, the devices will sustain 50 mA 
continuously on each of the eight outputs at an ambient temperature of 
+85°C and with a supply voltage of 15 V. All types include input current- 
limiting resistors and output transient-suppression diodes. In all cases, 
outputs are switched ON by an active high input level. 


Note that the maximum current rating may not be obtained at -55°C 
because of reduced beta, or at + 125°C because of package power 
limitations. 


Series UDS2980H drivers are furnished in 18-pin ceramic/metal 
(side-brazed) hermetic dual in-line packages. Series UDS2980R drivers 
are supplied in ceramic/glass (cer-DIP) hermetic packages. Both are 
processed to the requirements of MIL-STD-883, Class B. 


The same circuits are also available in 18-pin plastic dual in-line 
packages (Series UDN2980A) for operation over a limited temperature 
range, or where higher package power dissipation is needed. 


FEATURES 


@ TTL, DTL, PMOS, or CMOS Compatible Inputs 

@ 500 mA Output Source Current Capability 

@ Transient-Protected Outputs 

@ High-Reliability Screening to MIL-STD-883, Class B 
@ Operating Temperature -55°C to +125°C 


Always order by complete part number, e.g., [UDS2981 H883 |. 
See table on next page for differences between devices. 


SERIES 2980 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


ONE OF EIGHT DRIVERS 


20K 


2983,°84 ONLY 


INPUT O 
—C) currur 


+ ——-_-p} - 4 


GROUND 


Dwg. No. A-10.242B 


Device 


Type Vee AX) Vincw AX) Applications 


UDS2981H/R TTL, DTL, 5 V CMOS 


UDS2982H/R 6-15 V CMOS/PMOS 
UDS2983H/R TTL, DTL, 5 V CMOS 
UDS2984H/R 6-15 V CMOS/PMOS 


TS 
SUFFIX'R', R ayaz So°CAN 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


n 
a 


le] 75 100 125 150 
TEMPERATURE IN °C 


Owg. GM-603 
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SERIES 2980 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


ELECTRICAL CHARACTERISTICS from -55°C to +125°C (unless otherwise specified). 


Applicable 
Characteristic Symbol Devicest Temp. Test Conditions 
\oex 


Maximum Output UDS298 1/82 Viy = 0.25 V", Vg = 50 V 
Leakage Current 
ras UDS2983/84 Vin = 0.25 V*, Vg = 80 V 
Viy = 9-0 V, Ioyy = -100 mA 


Maximum Vv 
: CE(SAT} 
Collector-Emitter et 
Saturation Voltage 
Vin = 5.0 V, lou = “200 mA** 


Marini lion) Vy z24V 
Input Current 
Viy = 3.85 V 
Viy= 12 
Iin(OFF) UDS2981/82 Vin = 0 V, V, = 50 V 
UDS2983/84 Viy = OV, Ve = 80 V 


Minimum Output lout UDS298 1/83 Vin = 2:4V, Vog = 2.2 V 
Source Current 
UDS2982/84 


Vy = 5.0 V, Voge = 2.2 V 


Maximum ls UDS2981 +25°C | V,=2.4 V1, V5 =50V 
UDS2982 Viy = 5.0 V*, Vg = 50 V 


UDS2981/83 Viy = 2-4 Vy loyy = 100 mA 
Viy = 2:4 V, loyp = -200 mA 
Viy = 2-4 V, lou = -350 mA 
Viy = 2-4 Vs lgyy = 100 MA 


Viy = 2-4.Vi loyr = -200 mA™* 
Viy = 5:0 Vy loyy = -100 mA 
Viy = 5.0 V, Loy =-200 mA 
Vyy = 5.0 V, loyp = -350 mA 


UDS2982/84 


-200 mA 
-200 mA 


Supply Current 
(Outputs Open) 

UDS2983 Viy = 2-4 V%, Vg = 80 V 
UDS2984 Viy = 5.0 V*, Ve = 80 V 


one UDS2981/82 +25°C Vg = 35 V, R, = 1752 
UDS2983/84 V, = 50 V, R, = 250 Q 
Maximum Turn-OFF tu UDS2981/82 +25°C V,= 35 V, R, = 1750 
Delay Time 
UDS2983/84 V,= 50 V,R, = 2509 
Maximum Clamp Diode UDS2981/82 Vin = 0-25 V*, Vg = 50 V 
Pear ley UDS2983/84 Vij = 0.25 V*, Vg = 80 V 
Maximum Clamp Diode Ve ALL 1, = 200 mA 
Forward Voltage 


“All inputs simultaneously. 
“Pulsed test. 
+Complete part number includes a terminal letter that indicates package (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP). 


Maximum Turn-ON 
Delay Time 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
2 
4 
4 
4 
4 
7 
7 
5 


SERIES 2980 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


Figure 1 


Vs 


ICEX 


Owg,. No. A-11,083 


Owg. No. A-11,086 


Figure 7 


PULSE 
GENERATOR 
PRR = 10KHZ 

DC=50% 


TEST FIGURES 
Figure 2 Figure 3 
Vs Vs 
VCE 
i lout 
Vin i 


Dwg. No. A-11,084 Dwg. No. A-11,08& 


Figure 6 


OPEN 


oO 
OPEN 
VE F 


Owg. No. A-14,088 


Owg. No. A-11,087 


INPUT CURRENT 
AS A FUNCTION OF INPUT VOLTAGE 


“4 
“ECE 
“EEE 


XY 


INPUT CURRENT Ijy,1N mA 


05 F 


u 
0 2 4 ® 8 10 12 
INPUT VOLTAGE IN VOLTS 


Dwg. No. A-13,.26A 


Dwg. No. A-11,115B 
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SERIES 2980 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


PEAK COLLECTOR CURRENT IN mA 


mA 


PEAK COLLECTOR CURRENT IN 


PEAK COLLECTOR CURRENT IN mA 


RECOMMENDED PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
SERIES UDS2980H 


UDS2981/82H 


by 
Ty * #50°C 


we 
3S 


NUMBER OF QUTPUTS 8 
100 TF CONDUCTING nae 


eat abate — 


° 


Bi i 7 


ws 
D 
oS 


wa 
co 
S 


90 100 
PERCENT DUTY CYCLE 
Dwg. No. A-11,078B 


ALL DEVICES 


he 
wh 
a 


NUMBER OF OUTPUTS 


CONDUCTING 
Sl MIETANEOUS! Yo 


acai cers 


jo 20 30 40 «250 0070 ~SC)SSCC 
PERCENT DUTY CYCLE 


Dwg. No. A-11,079B 


UDS2983/84H 


= 50°C 


NUMBER OF OUTPUTS 
10 CONDUCTING } 


bil SIMULTANEOUSLY 


50 


0 


0 


ig 20. 30 40 80 ~ 00 «700 
PERCENT DUTY CYCiE 


Dwg. No. A-11,077A 


PEAK COLLECTOR CURRENT IN mA 


PEAK COLLECTOR CURRENT IN mA 


PEAK COLLECTOR CURRENT IN mA 


we 
a 
a) 


S$ 
Ss 


NUMBER OF OUTPUTS 
59 |-_LCONDUCTING ae 
SIMULTANEOUSLY —~ 


UDS298 1/82H 


ras Eee 
60 670) 80 


4 
o 10 200 30 «640 OO 90 100 


PERCENT DUTY CYCLE 
Dwg. No. A-11,076B 


ALL DEVICES 


XQ 
— 8 
NUMBER OF QUTPUTS 
CONDUCTING 
Biwis r 


i] 19 70 30) 4050 60 79 ©6980) = 90 100 
PERCENT DUTY CYCLE 


Dwg. No. A-11,080B 
UDS2983/84H 


ANN 
\ \ 


V 


NUMBER OF OUTPUTS 
{CONDUCTING 
SIMULTANEOUSLY 


io 20° 30—«isC“‘“( CC 
PERCENT DUTY CYCLE 


Dwg. No. A-11,081A 
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SERIES 2980 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


MIL-STD-883 COMPLIANT 


RECOMMENDED PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
SERIES UDS2980R 


UDS2981/82R UDS2981/82R 
350 350 
= 300 = 30 
=z = 
we 250h 5 ae 
& 2 
3m 3 200}- 
= io 
© iso, 4 © 150} —} 4 ~? 
4 i ie 
3 tof} _| 4 3 vt T 
= sa FENUMBER OF OUTPUTS = 59 NUMBER OF OUTPUTS 
2 CONDUCTING $IMULTANEOUSLY CONDUCTING SIMULTANEOUSLY 
aL oe ai ot t J 
O10 8050 BO T00 01020 0S BCC 
PERCENT DUTY CYCLE PERCENT OUTY CYCLE 
Dwg. No. A-12,401 Dwg. No. A-12,402 
ALL DEVICES ALL DEVICES 


8 


8 


g 


ss 
pi A _| “SSN 
NUMBER OF OUTPUTS A 


PEAK COLLECTOR CURRENT IN mA 
PEAK COLLECTOR CURRENT 1N mA 


50 NUMBER OF OUTPUTS 


& 
Q 
° 
z 
S 
Ee 
2 
2 
a 


Bae ee | 
CONDU ct NG SI MULTANEQUSLY 


f 
0 1 at L Lt =o 1 0 
0 10 2 8% 4 50 © 70 & % 100 J 10 3 a 
PERCENT DUTY CYCLE PERCENT DUTY CYCLE 
Owg. No. A-12,403 Dwg. No. A-12,404 
UDS2983/84R UDS2983/84R 
350 350, 


3 


8 


NUMBER OF OUTPUTS 
sop. CONDUCTING 


Ahh OF OUTPUTS 


CONDUCTING SIMULTANEOUSLY SIMULTANEOUSLY 


0 va | 0 | 
0 10 20 0 6 SC 6 70 & % 100 6 0 42 D0 QO 53 G6 OH BC HW 1H 
PERCENT OLTY CYCLE PERCENT DUTY CYCLE 


PEAK COLLECTOR CURRENT IN mA 
gy 
PEAK COLLECTOR CURRENT IN mA 


Dwg. No. A-12,405 Dwg. No. A-12,406 
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2998 


MIL-STD-883 COMPLIANT 


ER 
@ ow 
PN ne. “LS 


C3) NO 
CONNECTION 


GROUND 


Dwg. No. PM-003 


ABSOLUTE MAXIMUM RATINGS 


Motor Supply Voltage, V,., 
Output Current, loy, (300 ms) 

(Continuous) .............0.. +H1.8A 
Sink Driver Emitter Voltage, V_ 


Logic {nput Voltage Range, 
-0.3 V to +15 V* 


See Graph 


Operating Temperature Range, 
T ~55°C to + 125°C 


Storage Temperature Range, 
Meera eee tatteng eae -65°C to + 150°C 
“V,, must not exceed V,,. 


TFauit conditions which produce excessive 
junction temperature will activate device thermal 
shutdown circuitry. These conditions can be 
tolerated, but should be avoided. 


Output current rating may be restricted to a value 
determined by system concerns and factors. 
These include: system duty cycle and timing, 
ambient temperature, and use of any heatsinking 
and/or forced cooling. For reliable operation, the 
specified maximum junction temperature should 
not be exceeded. 


DUAL FULL-BRIDGE 
MOTOR DRIVER 


The UDS2998V dual full-bridge driver is designed for bidirectional 
operation of 2-phase stepper motors, a pair of dc servo motors, 
2-phase brushless dc motors, or two solenoids at up to 50 V with 
continuous output currents to +1.8 A per bridge or peak (start-up) 
currents to +2.2 A. The control inputs are compatible with standard 
logic families. Except for a common supply voltage and thermal shut- 
down, the two drivers in a device are completely independent. Static 
burn-in and 100% high-reliability screening to MIL-STD-883, Class B 
are standard. 


For external PWM control, an OUTPUT ENABLE for each bridge 
Circuit is provided and the sink driver emitters are brought out for 
connection to external current-sensing resistors. A PHASE input to 
each bridge determines load-current direction. 


Extensive circuit protection is provided on-chip. Output suppression 
diodes protect the bridges from the transients generated when switch- 
ing inductive loads. A thermal shutdown circuit disables all of the 
source drivers if chip temperature rating (package power dissipation) is 
exceeded. internal delays provide protection against crossover currents 
(adjacent source and sink drivers conducting simultaneously) during 
switching intervals. 


The UDS2998V is supplied in a 15-pin, flange-mount MO-097AA 
style hermetic package for improved power dissipation capabilities. An 
external heatsink is required for high-current apolications. The flange is 
at ground potential and normally needs no isolation. 


FEATURES 


+1.8 A Output Current 

Output Voltage to 50 V 

Integra! Output Suppression Diodes 
Output Current Sensing 

Logic Compatible Inputs 

Internal Thermal Shutdown Circuitry 
Crossover-Current Protected 
Hermetically Sealed Package 
High-Reliability Screening 


Always order by complete part number: |\UDS2998V883| . 
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ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


2998 
DUAL FULL-BRIDGE MOTOR DRIVER 


°o 


FUNCTIONAL BLOCK DIAGRAM 
(ONE OF TWO DRIVERS) 


THERMAL 
SHUTOOWN T 


i 


ENABLE / 
[ACTIVE LOW: 


t—O our 


AIR, Reug = 45°CW 
1 
4 


25 


50 75 100 125 15¢ 
TEMPERATURE IN °C 


Dwg. No. W-107A 
Dwg. GM-001 


TYPICAL APPLICATION 
2-PHASE BIPOLAR STEPPER MOTOR DRIVE 
(Chopper Mode) 


Dwg. EM-001 
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2998 
DUAL FULL-BRIDGE MOTOR DRIVER 


ELECTRICAL CHACTERISTICS at T, = -55°C to +125°C, V,, = 50 V (unless otherwise noted). 


Limits 


fF 


Supply Voltage Range 


BB 
cal las enasie (A & B) = 0.8 V, No Load 
enaate (A & B) = 2.0 V, No Load 


Thermal Shutdown Temp. 


Thermal Shutdown Hysteresis eee 


Tq, 
Ty 
E(SAT) 
(SAT) 
t 
: 
t 
z 


3 
> 


a 
> 


Output Drivers 


= 2.0 V, Note 3 
= 2.0 V, Note 3 


Output Leakage Current Vour = Veo Yi 


Voyr = OV. V 


ENABLE 


ENABLE 


Output Saturation Voltage eres Source Driver, lay; = -1.0A 

Ueseree pene a Sink Driver, ly, = +1.0A 
Source Driver, lour = 71 BA 
Sink Driver, Igy, = +1.8A 


Output Saturation Voltage Voersare Source Driver, |, =-1.0A 
(T, = +125°C) : ; 
A Sink Driver, toy, =+1.0A 
Source Driver, lo, =-1.8A 
Sink Driver, lou = t+1.8A 


A 
Io 
Vo 
CE 
V, 


logy = #1.8 A, L = 3.0 mH, 


Output Sustaining Voltage CE(sus) 
T, = +25°C, Note 3 


Source Driver Rise Time fo | lour = -1.8 A, Resistive Load, Note 3 
Source Driver Fall Time lout = 71-8 A, Resistive Load, Note 3 


Clamp Diode Leakage Current ie | VR, =50V 


Clamp Diode Forward Voltage [p= 1.8A,T, = -55°C to +25°C 


= 1.8A,T, = +125°C 
Contro! Logic 


ej 
an 


oa 
wo 


ly [eel f<|</fe <4) 


= 
> 


orV 


oh Venaale 


puase Of Venasie = 2-0 V 
puase Of Venasie = 0.8 ¥ 
| = +1.8 A, Note 3, 


QuT ~ 
to 90% lout 


Logic Input Voltage 


PHASE ENABLE 


PHASE 


c 
> 


: 
> 


50% V 


PHASE 


Ez 
wn 


ele 
n 


NOTES: 1. Typical Data is for design information only and is at T, = 425°C. 
2. Each driver is tested separately. 
3. Test is performed with Vorage = 0.8 V and then repeated for Vouase = 2-4 Vv. 
4. Negative current is defined as coming out of (sourcing) the specified device pin 
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2998 
DUAL FULL-BRIDGE MOTOR DRIVER 


TIMING DEFINITIONS 


VENABLE ULTLVLLLTT 


A 


xX 

1 ‘ 
A 

H v 
i 
1 t 
toil + ae a 1 

: 

I 

T 

i) 

| 


y, 


Dwg. WM-001 


OUTPUT 2 
Low 


High 
Low 


TRUTH TABLE 


ENABLE PHASE 
INPUT INPUT OUTPUT 1 
Low 
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SERIES 3100 


HALL EFFECT SWITCHES 


These Hall effect switches are highly temperature-stable and stress- 
resistant sensors best utilized in applications that provide steep magnetic 
slopes and low residual levels of magnetic flux density. 


a Each device includes a voltage regulator, quadratic Hall voltage 
generator, temperature stability circuit, signal amplifier, Schmitt trigger, 

and open-collector output on a single silicon chip. The on-board regulator 
permits operation with supply voltages of 4.5 to 24 volts. The switch 
output can sink up to 20 mA. With suitable output pull up, they can be 
used directly with bipolar or MOS logic circuits. 

> = 

a =) 

o. a 

a. E 

> =) 

no oO 


The ‘HH’ package (TO-260AA) provides a magnetically optimized 
hermetic package for military and similar applications. Selected devices, 
for operation to +170°C, are available on special order. 


FEATURES 


HM 4.5 V to 24 V Operation 
B® Activate With Small, Commercially 
Available Permanent Magnets 
M@ Solid-State Reliability... No Moving Parts 
@ Small Size 
ie Gate @ Constant Output Amplitude 
oe ese ; @ Superior Temperature Stability 
Pinning is shown viewed from branded side. B@ Resistant to Physical Stress 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, V., 
Magnetic Flux Density, B 
Output OFF Voltage, V,.,, 
Continuous Output Current, lout wate 
Operating Temperature Range, 
T -40°C to +125°C 
Storage Temperature Range, 
-65°C to +150°C* 
* Devices can be stored at +200°C for short 
periods of time. 
These devices are NON-COMPLIANT regarding Always order by complete part number including orefix and suffix, e.g., 
ie ee UGS3119HHMIL]. See Magnetic Characteristics table for 


differences between devices. 
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SERIES 3100 
HALL-EFFECT SWITCHES 


FUNCTIONAL BLOCK DIAGRAM 


@) GROUND 


Dwg. FH-005 


SENSOR LOCATION 
ACTIVE AREA DEPTH 


0.035" 
0.89 mm 
NOM 


BRANDED 
SURFACE 


Dwg. MH-013 


SERIES 3100 
HALL-EFFECT SWITCHES 


ELECTRICAL CHARACTERISTICS at T, + +25°C, V_,,= 4.5 V to 24.V (unless otherwise noted). 


Symbol Test Conditions 


Vog = 4.5 V, Output Open 


; Vog = 12. V, R, = 820 2, C, = 20 pF 


ae Veg = 12 V, R, = 820 02, C, = 20 pF 


Part T, = +25°C T, = -20°C to +85°C* T, = -40°C to +125°C 
Characteristic Number Min. M Min. Max. Min. Max. 
545 


jax. 
Operate Point, B., UGS3119HH 500 
UGS3120HH 
UGS3130HH 
UGS3140HH 
Release Point, B,,,, UGS3119HH 
UGS3120HH 
UGS3130HH 
UGS3140HH 
Hysteresis, Bays UGS3119HH 
UGS3120HH 
UGS3130HH 
UGS3140HH 


ce 
) 
FF 
c 
i 


NOTE: As used here, negative flux densities are defined as less than zero (algebraic convention). 
* These characteristics, although guaranteed, are not tested. 
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SATURATION VOLTAGE IN mV 


SERIES 3100 
HALL-EFFECT SWITCHES 


TYPICAL CHARACTERISTICS 
AS FUNCTIONS OF TEMPERATURE 


RELEASE POINT 


RELATIVE SWITCH POINTS IN GAUSS 


-40 0 40 


80 


120 160 200 


AMBIENT TEMPERATURE IN °C 


OUTPUT SATURATION VOLTAGE 


-40 Q 40 80 120 +60 200 


AMBIENT TEMPERATURE IN °C 


Dwg. GH-013 


SUPPLY CURRENT IN mA 


Dwg. GH-018 


SUPPLY CURRENT 


40 o 40 80 120 160 200 


AMBIENT TEMPERATURE IN °C 


Dwg. GH-014 
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UDS3612H 


Dwg. No. A-9793A 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, V., 

Input Voltage, V,,, 

Output Off-State Voltage, V,__ 

Output On-State Sink Current, 
I 


Power Dissipation, P, 
(One Output) 
(Total Package) 
Operating Temperature Range, 
-55°C to +125°C 
Storage Temperature Range, 
-65°C to +150°C 


These devices are NON-COMPLIANT regarding 
MIL-STD-883C because of package dimensions. 
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3614 


S611 rev 


DUAL 2-INPUT 
PERIPHERAL/POWER DRIVERS 


These mini-DIP dual 2-input peripheral and power drivers are bipolar 
monolithic integrated circuits incorporating AND, NAND, OR, or NOR 
logic gates, and high-current switching transistors on the same chip. The 
two output transistors are capable of simultaneously sinking 250 mA con- 
tinuously at an ambient temperature of +75°C. In the OFF state, these 
drivers will withstand at least 80 V. Reverse-bias burn-in and 100% high- 
reliability screening to MIL-STD-883, Class B are standard. 


The Series UDS3610H dual drivers are ideally suited for interface 
between low-level or high-level logic and high-current/high-voltage loads. 
Typical applications include driving peripheral loads such as incandes- 
cent !amps, light-emitting diodes, memories, and neaters. 


With appropriate external diode transient suppression, Series 
UDS3610H drivers can also be used with inductive loads such as relays, 
solenoids, and stepping motors. 


FEATURES 


@ Four Logic Types 

@ DTL/TTL/PMOS/CMOS Compatible Inputs 
@ Low Input Current 

B Standoff Voltage of 80 V 

H Hermetically Sealed Package 

B® High-Reliability Screening 


Always order by complete part number: 


PartNumber | Description 
UDS3611H883 | Dual AND Driver 
UDS3612H883 = Dual NAND Driver 
UDS3613H883_ | Dual OR Driver 
UDS3614H883_ | Dual NOR Driver 


SERIES 3610 
DUAL 2-INPUT PERIPHERAL/POWER DRIVERS 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


2s 50 75 100 125 50 
TEMPERATURE IN °C 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage (V.,) 
Operating Temperature Range 


Current into any output (ON state) 


Voc Input Input Min. Typ. Max. | Units 
ee 
a es 
MAX 0.4V 30V = 50-100 
MAX 30V OV = = 10 LA 
rf=4 


Characteristic Test Conditions 
Turn-on Deiay Time V5 = 70V, R, = 465 £2 (10 Watts). 
C_=15 pF 


Turn-off Delay Time Ve =70V, R, = 465 2 (10 Waits). 
C, =15 pF 


NOTES: 1. Typical values are atV...=5.0V,T,= 25°C. 

. Each input tested separately. 

. Voltage values shown in the test circuit 
waveforms are with respect to network ground 


terminal 
sees ar = PRR = 500 kHz 
4. Capacitance values specified include probe and { 7 


test fixture capacitance. 


won 
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SERIES 3610 
DUAL 2-INPUT PERIPHERAL/POWER DRIVERS 


| UDS3611H DUAL AND DRIVER 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted). 


Test Conditions Limits 
Characteristic Symbol oer | ies in. ‘ 
2.0V 2.0V 80V 
2.0V 2.0V 80V 
150 mA 
300 mA 
paar — 


| “1” Qutput Reverse Current 


rom te 
fee) NONE 
Eee 


“1” Level Supply Current 
| “O” Level Supply Current 


NOTES: 1. Typical values are at V,,= 5.0 V, T, = 25°C. 
2. Per package. 
3. Capacitance values specified include probe and test fixture capacitance. 


Tov 
INPUT 2.4V¥ Vec=5V fu S 


~ Ving) 


Vin (0) 


\5pF 


'pdt ees fo nat tpdo 


| 3) ! ~ = = --Vout() 
= LOAD OUTPUT 50% 50% 
CIRCUIT 
~~ --- 4 Vout (0) 
Dwg, No. A-7876D Owg. No. A-7628C Dwg. No. A-97924 
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SERIES 3610 
DUAL 2-INPUT PERIPHERAL/POWER DRIVERS 


UDS3612H DUAL NAND DRIVER 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted). 


Test Conditions 


Characteristic ae 


“4” Output Reverse Current 0.8V 80V 
0.8V 80V 
“0” Output Voltage 2: ; v 150mA 
Lc 
“0” Level Supply Current | sov | — | — 


NOTES: 1. Typical values are at V.,=5.0V,T, =25°C. 
2. Per package. 
3. Capacitance values specified include probe and test fixture capacitance. 


Dwg. No. A-9638 Dwg. No. A-7200A Dwg. No. A-9793A 
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SERIES 3610 
DUAL 2-INPUT PERIPHERAL/POWER DRIVERS 


UDS3613H DUAL OR DRIVER 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted). 


Limits 
Characteristic Symbol in. B 


“1” Output Reverse Current 
“O” Output Voltage 
\ 
leoioy 


“4” Level Supply Current 
“O” Level Supply Current ecw | NOM | 
Cc 


NOTES: 1. Typical values are at V.,= 5.0 V, T, = 25°C. 
2. Per package. 
3. Capacitance values specified include probe and test fixture capacitance. 


ouT- 
INPUT Vec:5V PUT V5 
9 9 


ted) pf} r +4+-—— tedO 
-- ~ ~-Vout(1) 
OUTPUT fo 50% \ 
See — Vout(0) 
Dwg. No. A-7877B Dwg. No. A-7628C Dwg, No. A-9795A 
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SERIES 3610 
DUAL 2-INPUT PERIPHERAL/POWER DRIVERS 


ry 


UDS3614H DUAL NOR DRIVER 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted). 


es Test Conditions 
Other 
isormrarie 
OPEN 0.8V 0.8V 80V 

“0” Output Voltage Von MIN 2.0V OV 150mA 
ee Al eee 
[tsreiyeoret [ea RO [iow ow | — [= 
[wteseeycuret [bay | nom [wax | sav | sev [|= 


NOTES: 1. Typical vaiues are atV.,.=5.0V,T, =25°C 
2. Per package. 
3. Capacitance values specified include probe and test fixture capacitance 


Characteristic 


“4” Output Reverse Current 


QuT- 
INPUT voc: 5V PUT Vg 
9 9 


PULSE 
GENERATOR 


INPUT 


10% 
be tp — Vin(0) 


t 
15pF tpdO af el f+—_—++ tp) 
[oes 3) Vout 1) 
1 
CIRCUIT 
-——-—— 4 = - = — == = Vour(o) 
Dwg. No. A-9942 Dwg. No. A-7900A Dwg. No. A-9794 
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3800 anv S801 


MIL-STD-883 COMPLIANT 


UCS5800H 


QUTPUT 
pi) ENABLE 


LOGIC 
SUPPLY 


OUT; 


‘Es Ge ee 
es Larones z 


f°] 

E 
P= 
C 


Dwg. No. A-10,499D. 


ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 


Output Voltage, V,, 
Supply Voltage, V,, - 
Input Voltage Range, 


Package Power Dissipation, 
Piya ice yaa aay as ad See Graph 


Operating Ambient Temperature Range, 
-58°C to +125°C 


Storage Temperature Range, 


Ty vce teen ee -65°C to +150°C 


Note: Output current rating may be limited by duty 
cycle, ambient temperature, air flow, and number 
of outputs conducting. Under any set of condi- 
tions, do not exceed a maximum junction tempera- 
ture of +150°C. 


Caution: CMOS devices have input static 
protection but are susceptible to damage when 
exposed to extremely high static electrical charges. 


BiMOS II LATCHED DRIVERS 


Simplifying interface between LSI and peripheral power loads, the 
hermetically sealed UCS5800H (4-bit) and UCS5801H (8-bit) latched 
drivers combine the advantages of CMOS logic and control and high- 
voltage, high-current bipolar output buffers. Typical applications include 
microprocessor interface to relays, solenoids, dc and stepper motors, 
printers, LED or incandescent displays requiring hermetic packaging 
and an operating temperature range of -55°C to +125°C. 


BiMOS II latched drivers have data input rates faster than those of 
the original BIMOS circuits. With a 5 V logic supply, they will typically 
operate at better than 5 MHz. With a 12 V supply, significantly higher 
speeds are obtained. The CMOS inputs are compatible with standard 
CMOS, PMOS, and NMOS logic levels. TTL or DTL circuits may 
require the use of appropriate pull-up resistors. 


The Darlington open-collector outputs will drive power loads rated 
to 50 V and 350 mA (500 mA, maximum). Integral diodes for inductive 
load transient suppression are included. Because of limitations on 
package power dissipation, the simultaneous operation of all drivers at 
high current can only be accomplished by a reduction in duty cycle. 
Outputs may be paralleled for higher load-current capability. 


The 4-bit, UCS5800H is furnished in a standard 14-pin side-brazed 
hermetic package. The 8-bit, UCS5801H is supplied in a 22-pin 
side-brazed hermetic package with row spacing on 0.400" (10.16 mm) 
centers. To simplify circuit board layout, all outputs are opposite their 
respective inputs. Both packages conform to the dimensional require- 
ments of MIL-M-38510. High-temperature reverse-bias burn-in and 
100% high-reliability screening to MIL-STD-883, Class B are standard. 


FEATURES 


4.4 MHz Minimum Data Input Rate 

CMOS, PMOS, NMOS, TTL Compatible Inputs 
Internal Pull-Down Resistors 

Low-Power CMOS Control and Latches 
High-Voltage, High-Current Outputs 
Transient-Protected Outputs 

Operating Temperature -55°C to +125°C 
High-Reliability Screening to MIL-STD-883, Class B 


Always order by complete part number: 


Part Number 


UCS5800H883 
UCS5801H883 


Description 
4-Bit Latched Driver 
8-Bit Latched Driver 
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3800 AND 5801 
BiMOS IT LATCHED DRIVERS 


FUNCTIONAL BLOCK DIAGRAM 


COMMON 


STROBE 


GROUND 


CLEAR © t [> 


COMMON MOS TYPICAL MOS LATCH TYPICAL BIPOLAR DRIVER 
CONTROL 


OUTPUT 
ENABLE ° : 


Dwg. No. A-10,495A 


UCSS801H TYPICAL INPUT CIRCUIT 


ire) 


IN 
INg 
'Ny 
IN@ 


GROUND 


LOGIC 
SUPPLY 

OUT, 

OuT 


OUT 
ee Noe -y-4 


OUTs 

OUT. 

OUT? -» 
rrr 


OUT. 
COMMON 
Dwg. EP-010-4 


Dwg. No. A-10,488D 
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5800 AND 5801 
BiMOS IT LATCHED DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V,,, = 5 V (unless otherwise specified). 


Characteristic Symbol Test Conditions 
Output Leakage Current Vog = 50V 
E(SAT) 


Saiation Vohagé Nore | lon 
: |= 200 mA 


|, = 950 MA, Vo, = 7-0 Vv 


Limits 


Input Voltage 


Vpp = 12 V 
Vop = 10V 
Vop = 5.0 V (See Note) 


Input Resistance 


Supply Current 


Doron) Vop = 12 V, Outputs Open 


(Each 
Stage} 


Vop = 10 V, Outputs orem 


Vop = 5-0, Outputs Open 


lpororr) 


(Total) 


Vop = 12 V, Outputs Open, Inputs = 0 V 


Vop = 5.0 V, Outputs Open, Inputs = 0 Vv 


Clamp Diode Leakage Current ie ale 2 V_=50V 
Clamp Diode Forward Voltage |, = 350 mA 


NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to insure a minimum logic “1”. 


22 PINS, 
Raya= 40°CAN 


14 PINS, 


Roan 4 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


25 50 75 100 125 150 
TEMPERATURE IN °C 


Dwg. GM-008 
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3800 AND 5801 
BiMOS If LATCHED DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = -55°C, VV, = 5 V (unless otherwise specified). 


Characteristic Test Conditions 


Quiput Leakage Current 


Collector-Emitter Vv 
Saturation Voltage 


Input Voltage 


Input Resistance 


Supply Current Vay = 12 V, Outputs Open 


Lapin: 
(Each 
Stage) 


Vo = 10 V. Outputs Open 


. Vop = 5.0V, Outputs Open 


lDDIoFF: Von = 12, Outputs Open, inputs = 0 V c 


(Total) Voip = 5.0 V, Outputs Open, inputs =0V 


Clamp Diode Leakage Current 
Clamp Diode Forward Voltage 


NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to insure a minimum logic “1”. 
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5800 AND 5801 
BiMOS lf LATCHED DRIVERS 


ELECTRICAL CHARACTERISTICS at T, = +125°C,V, = 5 V (unless otherwise specified). 


Symbol Test Conditions 


Output Leakage Current Vog = SOV 


Collector-Emitter Vv h = 100mA 


CE(SAT 
Saturation Voltage pee 


|, = 200 mA 
I, = 350 MA, V,, = 7.0 V 


Input Voltage 


Vop = 12 V 
Vpp = 10V 
Vop = 5.0 V (See Note) 


Input Resistance 


Supply Current Vop = 12 V, Outputs Open 
Vop = 10 V, Outputs Open 


Vop = 5.0 V, Outputs Open 


Ipp(on) 
(Each 
Stage) 


lppioFF) Von = 12 V, Outputs Open, Inputs = 0 V 


(Total) Vop = 5-0 V, Outputs Open, Inputs = 0 V 


Vp = 50V 


Clamp Diode Leakage Current ae 
Clamp Diode Forward Voltage I. = 350 mA 


NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to insure a minimum logic “1”, 
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5800 AnD 5801 
BiMOS If LATCHED DRIVERS 


CLEAR 


STROBE 


OUTPUT 
ENABLE 


Dwg. No. A-10,895A 


TIMING CONDITIONS 
(T, = +25°C, Logie Levels are V,,,, and Ground) 


A. Minimum Data Active Time Before Strobe Enabled 


(Data:Set-Up TIM): aiiriew canes taal etce tateraueet vedas aiid 50 ns 
B. Minimum Data Active Time After Strobe Disabled 

(Data Hold Gime) fied acne aurlhas tate minten dod leanne weadea an 50 ns 
C. Minimum Strobe Pulse Width 2.00.0... eee 125 ns 
D. Typical Time Between Strobe Activation and 

Output On to Off Transition... 00... eee 500 ns 
E. Typical Time Between Strobe Activation and 

Output Off to On Transition... 0.0... 500 ns 
F. Minimum Clear Pulse Width 00000. eee 300 ns 
G. Minimum Data Pulse Width... 0.0... eee 225 ns 


Information present at an input is transferred to its latch when the 
STROBE is high. A high CLEAR input will set all latches to the output 
OFF condition regardless of the data or STROBE input levels. A high 
OUTPUT ENABLE will set all outputs to the OFF condition, regardless 
of any other input conditions. When the OUTPUT ENABLE is low, the 
outputs depend on the state of their respective latches. 


TRUTH TABLE 


OUTPUT 
STROBE CLEAR ENABLE 


X = Irrelevant 
t-1 = Previous Output State 
t = Present Output State 
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5800 anpD 5801 
BiMOS If LATCHED DRIVERS 


TYPICAL APPLICATIONS 


INCANDESCENT LAMP DRIVER 


OUTPUT ENABLE (ACTIVE LOW) oY 
CLEAR t 
| STROBE ry Yoo 27} ~O*?Y 
IN 
d 3 {20} R 4 
IN2 
5 4 ig} —_A_4 
IN 
u |_!Ns 7 A] 
IN a im _ RI 
Fe NO, 327 
eae eae 3 Ay «A LAmes 
IN + 
[Ne Al 
IN 
oN i 
___;_}* a rs} _AL_I 


7 1 
UCS5801H 


Dwg. No. 13,000A 


UNIPOLAR STEPPER-MOTOR DRIVE 


OUTPUT ENABLE (ACTIVE LOW) 


| CLEAR 


| STROBE 
1 IN 1 


up 


IN 2 


LATCKES 


UCS5800H 
+30V Dwg. No. © 3,001A 


UNIPOLAR WAVE DRIVE UNIPOLAR 2-PHASE DRIVE 


STROBE in Jl Nn ia STROBE _ fil Nn ial tL 
IN 1 I 1 IN 1 in! lel 
IN 2 TL IN 2 1 Te] 


OUT 4 pa = OUT 4 | 2 


Dwg. No. A-11.446 Dwg. No. A-11,447 


2810 


MIL-STD-883 COMPLIANT 


OUT, OUT, 


OUT; OUT +5 


OUT. A SERIAL 
J DATA Out 


LATCHES 


CLOCK | LOAD SUPPLY 


REGISTER 


ee 


ND 1 SERIAL 
GROU REGISTER BATAAN 
LATCHES 


LOGIC SUPPLY | BLANKING 


STROBE ; OUT, 


OUTS i OUT, 


OUT, 


Dwg. PP-029 


ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 


Output Voltage, Vojp occ ee eee ee 60 V 
Logic Supply Voltage Range, 

4.5V to 15V 
Driver Supply Voltage Range, 

5.0 Vto 60V 


-0.3 V to Vop + 0.3V 
Continuous Output Current, 


Gur Dee we aa -40 mA 
Package Power Dissipation, P, .... 1.67W* 
Operating Temperature Range, 

-55°C to +126°C 
Storage Temperature Range, 
-65°C to +150°C 


* Derate at 13.3 mW/°C above +25°C 


Caution: This CMOS device has input static 
protection but is susceptible to damage when 


exposed to extremely high static electrical charges. 


BiMOS I 10-BIT SERIAL-INPUT, 
LATCHED SOURCE DRIVER 


Combining low-power CMOS logic with bipolar source drivers, 
Type UCS5810H will simplify many display-system designs. Primarily 
intended for use with vacuum-fluorescent displays, this BIMOS 10-bit 
serial-input, latched driver can also be used with LED and incandescent 
displays within its output limitations of 60 V and 40 mA per driver. 


BiMOS || devices have considerably better data input rates than the 
original BIMOS circuits. With a 5 V supply, they typically operate above 
5 MHz. With a 12 V supply, significantly higher speeds are obtained. 


The CMOS 10-bit shift register and associated latches are 
designed for operation over a 5 V to 15 V supply-voltage range. They 
cause minimal loading of data lines and are compatible with standard 
CMOS, PMOS, and NMOS logic. When used with standard TTL or 
low-speed TTL logic, appropriate pull-up resistors may be required to 
ensure an input logic high. A CMOS serial-data output allows cascad- 
ing these devices for interface applications requiring many drive lines 
(dot matrix, alphanumeric, bargraph). 


The 10 bipolar outputs are used as segment or digit drivers in 
vacuum-fluorescent displays. Under normal operating conditions, 
these devices will sustain 25 mA per output at 85°C at a duty cycle of 
83%. Other combinations of number of conducting outputs and duty 
cycle are shown in the specifications. 


Type UCS5810H, when combined with the UCS5815H, an 
8-bit latched source driver, comprises a minimum component 
display subsystem requiring few, if any, discrete components. The 
UCS5810H is furnished in an 18-pin hermetic dual in-line side-brazed 
package. Reverse-bias burn-in and 100% high-reliability screening to 
MIL-STD-883, Ciass B, are standard. 


FEATURES 


5 MHz Minimum Data Input Rate 

High-Voltage Source Outputs 

CMOS, PMOS, NMOS, TTL Compatible !nputs 
Low-Power CMOS Logic and Latches 

internal Pull-Down Resistors 

Wide Supply-Voltage Range 

High-Reliability Screening to MIL-STD-883, Class B 
Operating Temperature -55°C to +125°C 


Always order by complete number: |UCS5810H883 |. 


5810 
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER 


FUNCTIONAL BLOCK DIAGRAM 


v 
D 
CLOCK @— t © 
SERIAL oe L 
@— >| 10-BiT, SER SERIAL 
DAIAIIN t+ - DATA QUT 


FREE AIA, Raya = 44% 


BLANKING or 


GROUND 5 ais 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


25 50 75 100 125 150 
TEMPERATURE iN °C 


OUT, OUT, OUT, OUT OUTg OUTy OUT 
Dwg. GM-006 Lees Se ee lo 


TYPICAL INPUT CIRCUIT 


Dwg. No A-10,989A 


‘bp 
Number of Maximum Allowable Duty Cycle 
Outputs ON at Vpp = 5 V and T, of 85°C 
IN : -_ (Igy = 7°25 MA) 
4 
eed 
Dwg. EP-010-4 


TYPICAL OUTPUT DRIVER 
VBB 


OUT 


27K SK 
100K 


Dwg. A-10,981C 
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5810 
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vip = 60 V, Vop =5Vtol2V 
(unless otherwise noted). 


Characteristic Test Conditions 


Input Voltage 


Input Current 


Input Impedance 


Serial Data 
Output Resistance 


Supply Current All outputs ON, Outputs open 


All outputs OFF. Outputs open 

Vop = 5.0 V, All outputs OFF, All inputs = 0 V 
Von = 12 V. All outputs OFF, All inputs = 0 V 
Vp = 5.0 V, One output ON, All inputs = 0 V 
Vop = 12 V, One output ON, All inputs = 0 V 


NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin. 
Operation of this device with standard TTL of DTL may require the use of appropriate pull-up resistors to ensure an input-logic high. 


5-77 


5810 
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER 


ELECTRICAL CHARACTERISTICS at T, = -55°C, V,,, = 60 V, V_, = 5Vto1l2V 
(unless otherwise noted). 


Test Conditions | Min. Max. | 
(eae nae ames) er 
lout = 725 mA 


Output Pull-Down Current lout 
Output Leakage Current 


Input Voltage Vv 


Input Current I 


x 
te) 


Input Impedance 


Serial Data 
Output Resistance 


All outputs ON, Outputs open 


Supply Current 


All outputs OFF, Outputs open 

Vpp = 5.0 V, Outputs OFF, All Inputs = 0 V 
Vop = 12 V, Outputs OFF, All inputs = 0 V 
Vop = 5.0 V, One output ON, All inputs = 0 V 
Voo = 12 V, One output ON, All inputs = 0 V 


NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin. 
Operation of this device with standard TTL of DTL may require the use of appropriate pull-up resistors to ensure an input-logic high. 


5810 
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +125°C, Viz = 60 V, Vup = 3 Vto 12ZV 
(unless otherwise noted). 


Characteristic Symbol Test Conditions | Min. Max. | 


= 1.0 
3.5 = 


mM 
vt 


Output Leakage Current 


Input Voltage 
Input Current lesaeay Vop = Vin = 2-0 V _ 100 pA 
Vop = Vin = 12 V —_ 300 A 
Z 


Serial Data 
Output Resistance 


A 
A 
Vv 


5/5] <|<| < 


Supply Current All outputs ON. Outputs open 


All outputs OFF, Outputs open 
Vp = 5.0 V, All outputs OFF, All inputs = 0 V 
Vop = 12 V, All outputs OFF, All inputs = 0 Vv 
Vop = 5-0 V. One output ON, All inputs = 0 V 
Vop = 12 V, One output ON, All inputs = 0 V 


NOTE: Positive (negative) current is defined as going into {coming out of) the specified device pin. 
Operation of this device with standard TTL of DTL may require the use of appropriate pull-up resistors to ensure an input-logic high. 


5810 : 
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER 


CLOCK 


“ieee: ||US 


DATA IN 


Ceca cam 


Le 
STROBE woe ead 


BLANKING fas fol ee 
jo— G 7) 
OUTn J eects] 
Dwg. No. A:12.649 
TIMING CONDITIONS 
(Von = 5 V, Ty = +25°C, Logic Levels are V,,,, and Ground) 


ommogd 


Minimum Data Active Time Before Clock Pulse 
(Data Set-Up Time): is. cea es te pee abet AG RE GE acs 75 ns 
Minimum Data Active Time After Clock Pulse 
(Data Hold Hime). 2 vin acken dee eb pause Peay ee Tek Rete as 75 ns 
Minimum Data Pulse Width .........0.02000 0000p e eee eee 150 ns 
. Minimum Clock Pulse Width. 0 2.0. ees 150 ns 
Minimum Time Between Clock Activation and Strobe ............ 300 ns 
Minimum Strobe Pulse Width. .........00-0..0 00000200500 100 ns 
Typical Time Between Strobe Activation and 
Output TaASINOR ee Heo hued aad peed Rois ety Boo wE EA 1.0 us 


Serial Data present at the input is trans- 
ferred to the shift register on the logic “0” to 
logic “1" transition of the CLOCK input pulse. 
On succeeding CLOCK pulses, the registers 
shift data information towards the SERIAL 
DATA OUTPUT. The SERIAL DATA must 
appear at the input prior to the rising edge of 
the CLOCK input waveform. 


Information present at any register is 
transferred to its respective tatch when the 
STROBE is high (serial-to-parallel conver- 
sion). The latches will continue to accept new 
data as long as the STROBE is held high. 
Applications where the latches are bypassed 
(STROBE tied high) will require that the 
BLANKING input be high during serial data 
entry. 


When the BLANKING input is high, all of 
the output buffers are disabled (OFF) without 
affecting the information stored in the latches 
or shift register. With tye BLANKING input 
low, the outputs are controlled by the state of 
the latches. 


Serial 
Data 
nput 


L = Low Logic Level H= High Logic Level X= Irrelevant P = Present State 


R = Previous State 


a822 


MIL-STD-883 COMPLIANT 


CLOCK 


SERIAL DATA IN 


LOGIC GROUND 


Yoo 


LATCHES 
it i 


SERIAL DATA OUT 


a 


ne 


10 


SHIFT REGISTER 


STROBE 


OUTPUT ENABLE 


POWER GROUND | 8 


9 


a. 
SUB 


Dwg. PP-026 


ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 


Output Voltage, Voyp. ee cece 80V 
Logic Supply Voltage, Vj,.-. 0... 15V 
Input Voltage Range, 


nt -0.3 Vto V,, +0.3V 
Continuous Output Current, 


Package Power Dissipation, 
Poteet eee eens See Graph 
Operating Temperature Range, 
a -55°C to +125°C 
Storage Temperature Range, 
-65°C to +150°C 


Caution: CMOS devices have input static protec- 
tion but are susceptible to damage when exposed to 
extremely high static electrical charges. 


BiMOS II 8-BIT SERIAL-INPUT, 
LATCHED DRIVER 


Intended for military, aerospace, and related applications. The 
UCS5822H 8-bit, serial-input, latched driver combines bipolar Darling- 
ton drivers with MOS logic circuitry (BiMOS) to provide an interface 
flexibility beyond the reach of standard logic buffers and power driver 
arrays. 


BiMOS Il devices have considerably better data input rates than the 
original BIMOS circuits. With a 5 V supply, they typically operate above 
5 MHz. With a 12 V supply, significantly higher speeds are obtained. 


Each driver contains a CMOS shift register and associated latches 
designed for operation over a 5 V to 15 V supply-voltage range. High- 
impedance inputs cause minimal loading of data lines and are compat- 
ible with standard CMOS, PMOS, and NMOS logic. When used with 
standard TTL or Schottky TTL, appropriate pull-up resistors may be 
required to ensure an input-logic high. The CMOS serial-data output 
allows cascading these devices for interface applications requiring 
additional drive lines. 


The eight high-current bipolar outputs can drive multiplexed LED 
displays, incandescent lamps, thermal print heads, and (with appropri- 
ate clamping techniques) relays, solenoids and other high-power 
inductive loads. Under normal operating conditions, and without heat 
sinking, these devices can sustain 200 mA per output at 85°C ata 
51% duty cycle. Other combinations of number of conducting outputs, 
temperature, and duty cycle are shown on the following page. 


The UCS5822H is furnished in 16-pin side-brazed dual in-line 
hermetic packages. Reverse-bias burn-in and 100% high-reliability 
screening to MIL-STD-883, Class B are standard. 


FEATURES 


3.3 MHz Minimum Data Input Rate 

High-Voltage Current-Sink Outputs 

CMOS, PMOS, NMOS, TTL Compatible 
Low-Power CMOS Logic and Latches 

Internal Pull-Up/Pull-Down Resistors 

Hermetically Sealed Packages to MIL-M-38510 
High-Reliability Screening to MIL-STD-883, Class B 


Always order by complete part number: | UCS5822H883 |. 
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5822 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVER 


FUNCTIONAL BLOCK DIAGRAM 


CLOCK Q > I Ig . | 
SERIAL 8-8IT, eae a SHY REOISTER seule U 
DATA IN ; DATA OUT 
ra oe 
LOGIC 
GROUND I 6) STROBE 


aa 
vy 


OUT, 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


25 50 75 100 125 150 
TEMPERATURE IN °C 
Dwg. GM-002 
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OUT2 OUT3 OUT, OUTs OUTs OUT7 OUT, 


7D) OUTPUT ENABLE 
(ACTIVE LOW) 
Bens: ee 
BIPOLAR 


ple 
SUB (g) POWER 
GROUND 


Dwg, FP-013 


Number of Maximum Allowable Duty Cycle 


Outputs ON at V,, = 5 V and T, of 85°C 
(Igyr = 200 mA) 
8 51% 


58% 
70% 
84% 
100% 
100% 
100% 
100% 


3822 
BiMOS IU 8-BIT SERIAL-INPUT, LATCHED DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C,V,.,=5V (unless otherwise specified). 


Characteristic Symboi Test Conditions Paw 


Collector-Emitter Veeisat) lou = 100 mA 
= = 200 mA 
lor = 350 MA, Voy = 7.0 V 


Saturation Voltage 
Vop 


Input Voltage 


Input Resistance 


=12V 


Voy = 5-0 V (see note) 


Supply Current One Driver ON, V, =Vpp =12V 


STROBE 


One Driver ON, V. =Vo55=10V 


STROBE 


One Driver ON, V. = Vp =5.0V 


STROBE 
=Vop 


| V Vv 


ENABLE ~ “STROBE 
=V, 


DD(OFF} =5.0V 


=12V 


Vv =Vo5 


ENABLE STROBE 


* Pulsed test. 
NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to ensure an input-logic high. 


TYPICAL INPUT CIRCUITS TYPICAL OUTPUT DRIVER 
9 Yop Yop 
C) 0UTn 
STROBE CLOCK 
OUTPUT —> SERIAL 
ENABLE i DATA IN oh 
SUB 


Dwg. EP-010-3 Dwg. EP-010-4 Dwg. No. A-14,314 


3822 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVER 


Collector-Emitter 
Saturation Voltage 


| = 350 mA, Vo 5=7.0V 


= 5.0 V (see note) 


input Resistance 


Supply Current One Driver ON, Vstaoe = 


“One Driver ON, Vernoee = 


One Driver ON, Vv. 


Vee = Vetpope = ~ Voo 


STROBE i 


Vegae= : as Vop 


* Pulsed test. 


NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate puil-up resistors to ensure an input-logic high. 
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5822 
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVER 


ELECTRICAL CHARACTERISTICS at T, = +125°C, Vie = 5 V (unless otherwise specified). 


= —= 
Limits 
Characteristic Symbol Test Conditions | Min. Max. Units 
Output Leakage Current loex V5 7 = 80 V —_ 500 uA 
Collector-Emitter Voersany 5,7 = 100 mA* — 1.3 V 
Vol are aes = . = 2) (Te 
Saturation Voltage Inyy = 200 mA* — 15 Vv 
loyp = 350 MA*, Von = 7.0 V _ 1.8 Vv 
Input Voltage INO} = 0.8 Vv 
INCI) Von = 12V 10.5 — Vv 
Vp = 5.0 V (see note) 3.5 _ Vv 
Input Resistance Rin Voy = 12V 50 ee kQQ 
| Vop = 10V 7 50 — kQ 
Vo5 = 5.0 V 50 — kQ 
ee 
Supply Current | SBRON One Driver ON, Veraoge = Von = 12 V _ 4.5 mA 
| One Driver ON, Verpoge = Von = 10 V on 3.9 mA 
One Driver ON, Verpope = Vep = 9-0 V — 2.4 mA 
lppioFr) Vewasie = Vetaose = Yoo = 5-0¥ - 1.6 mA 
Venapie = Vetaose = Yoo = 12¥ ae 2.9 mA 


* Pulsed test. 


NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to ensure an input-logic high. 
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3822 
BiMOS I 8-BIT SERIAL-INPUT, LATCHED DRIVER | 


Serial Data present at the input is trans- 
CLOCK =.) | ___--_--_- ferred to the shift register on the logic “0” to 
cone Do logic “1” transition of the CLOCK input pulse. 
On succeeding CLOCK pulses, the registers 
shift data information towards the SERIAL 


en ieee ee ee DATA OUTPUT. The SERIAL DATA must 
ox CH i | appear at the input prior to the rising edge of 
are ' i —=7 the CLOCK input wavetorm. 


| information present at any register is 
transferred to its respective latch when the 


OUTPUT i in eee STROBE is high (serial-to-paralle! conver- 


ENABLE 


+-—— G = sion). The latches will continue to accept new 
OUT : data as long as the STROBE is held high. 
N | | Applications where the latches are bypassed 
(STROBE tied high) wil! require that the 
ENABLE input be high during serial data 
Dwg. No. A-12.627 entry. 
When the ENABLE input is high, all of the 
TIMING CONDITIONS output buffers are disabled (OFF) without 
(V,,) = 5.0 V, T, = +25°C, Logic Levels are V,,,, and Ground) affecting the information stored in the latches 
: or shift register. With the ENABLE input low, 
the outputs are controlled by the state of the 
A. Minimum Data Active Time Before Clock Pulse latches. 
(Data Set-Up Time)... 0.2 eee 75 ns 
B. Minimum Data Active Time After Clock Pulse 
(Data Hold Timé).... 052 csc ees cen de caren ede he epee s 75 ns 
C. Minimum Data Pulse Width... ..........0-2.--222.0--25 02-5: 150 ns 
D. Minimum Clock Pulse Width .. 20... .0.00.0.-.0 20200002202 e eee 150 ns 
E. Minimum Time Between Clock Activation and Strobe ............ 300 ns 
F. Minimum Strobe Pulse Width... 2.0.2... 00.0.0 ee eee eee 100 ns 
G. Typical Time Between Strobe Activation and 
Output Transition... 6.6... eee eee 1.0 us 


TRUTH TABLE 


Shift Register Contents 


Data |Clock 


L = Low Logic Level H = High LogicLevel X-=lIrrelevant P-=Present State R = Previous State 
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6118 


MIL-STD-883 COMPLIANT 


FLUORESCENT 
DISPLAY DRIVER 


Consisting of eight NPN Darlington output stages and associated 
common-emitter input stages, the UDS6118H interfaces between low- 
level logic and vacuum fluorescent displays. It is furnished in an 18-pin 
hermetic dual in-line side-brazed package. Reverse-bias burn-in and 
100% high-reliability screening to MIL-STD-883, Class B. are standard. 


Representative electrical characteristics (over an ambient tempera- 
ture range of -20°C to +85°C) for the commercial tyoe UDN6118A are 
shown in Section 3. Complete. detailed technical information on the 
UDS6118H is available on request. 


FEATURES 


@ Digit or Segment Driver 

@ Low Input Current 

B@ integra! Output Pull-Down Resistors 
@ High Output Breakdown Voltage 

® Single or Split Supply Operation 


Cwg. No. A-964°4 


ABSOLUTE MAXIMUM RATINGS 
at T= 425°C 


Supply Voltage, V,, .---.-2.---05-- 85 V 
Input Voltage, Vij os. eee eee eee eee 20 V 
Output Current. 14.) 


Operating Temperature Range. 
PH bat and tthe fh -55°C to +125°C 


Caution: The high input impedance of this device 
makes it susceptible to static discharge damage 
associated with handling and testing. Techniques 
similar to those used for handling MOS devices 
should be employed. 


Always order by complete part number: | UDS6118H883 |. 


MILITARY PRODUCT 


STANDARDS 


POWER AND HALL EFFECT ICs 
FOR MILITARY APPLICATIONS 


High-reliability monolithic integrated circuits for a variety of military 
applications are available. Standard power !Cs and Hall effect sensor 
ICs, to appropriate military specifications, provide product assurance 
and standardization to meet varying customer recuirements. The 
manufacturing facilities used to produce these devices are all fully 
qualified for Class B microcircuits. 


MIL-M-38510 


The general specification for military microcircuits is MIL-M-38510. 
This specification is intended to support government microcircuit 
applications and logistic programs. It establishes the general require- 
ments for monolithic integrated circuits and the quality assurance and 
reliability standards required in the acquisition of microcircuits. 


Many of the devices previously furnished under MIL-M-38510 are 
now supplied as part of the Standardized Military Drawing Program or 
as MIL-STD-883 compliant products. 


STANDARDIZED MILITARY DRAWING PROGRAM 


The Standardized Military Drawing Program (SMDP) provides 
standardization when a MIL-M-38510 detail drawing (slash sheet) 
does not exist or certain offshore manufacturing facilities are used. 
This program directly replaces the original DESC drawing system 
(see Part Number Descriptions in Section 1). 


MIL-STD-883 


This standard establishes uniform methods, controls, and proce- 
dures for designing, testing, identifying, and certitying microelectronic 
devices suitable for use within military or aerospace electronic systems. 
It includes basic environmental tests, physical and electrical tests, 
design, package and material constraints, general marking require- 
ments, and workmanship and training procedures. 


A full line of integrated circuits are available that are fully compliant 
with the latest issue of MIL-STD-883. These devices are identified by 
adding the suffix “883” to the device part number. If, for any reason, 

a device is not fully compliant (usually because of special packaging), 
the suffix “MIL” is used instead. 
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APPLICATIONS 


INFORMATION 


BiMOS IT POWER DRIVER TO MIL-STD-883 


ELECTROSENSITIVE PRINTER 


Dwg. No. A 14.488 


BiMOS monolithic smart power drivers combine CMOS logic and 
control functions with bipolar and/or DMOS power drivers. The CMOS 
inputs are compatible with standard CMOS, PMOS, and NMOS circuits. 
TTL, LSTTL, or DTL circuits may require appropriate pull-up resistors 
to ensure a logic high. The power driver outputs are used with VF, LED 
and incandescent displays, dc and stepper motors, relays, solenoids, 
and thermal or electrosensitive print heads. With BIMOS integrated 
circuit, reliable, single-chip solutions are provided for a wide variety 
of peripheral power interface problems. 


, 


The high-current and high-voltage BiMOS drivers shown here 
are processed to MIL-STD-883. They furnish a higher level of interface 
flexibility and versatility for military, aerospace, avionics, than is pro- 
vided with standard logic or discrete power drivers. They are supplied 
in ceramic/metal side-brazed hermetic packages (suffix letter “H”). 
All devices are rated for operation over the full military temperature 
range of -55°C to +125°C. 


8-BIT SERIAL-INPUT/PARALLEL-OUTPUT 
LATCHED DRIVER 


The UCS5822H BiMOS 8-Bit Serial-In/Parallel-Out Latched Driver 
augments the UCS5800H and UCS5801H devices. It contains an 
octal shift register, octal latch, and octal high-current, open-collector 
Darlington outputs. It improves system designs through a reduced 
package count and a reduction in I/O line requirements. By using the 
serial data output. the driver can be cascaded for interface applications 
requiring more than eight drive lines. 


The bipolar outputs are suitable for a variety of peripheral loads, 
including incandescent lamps, LEDs, and thermal or electrosensitive 
printers. 


RECOMMENDED MAXIMUM OPERATING CONDITIONS 


Output Voltage 


Logic Supply Voltage .... 
Continuous Output Curren 
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BiMOS It POWER DRIVERS TO MIL-STD-883 


PLANAR GAS-DISCHARGE DISPLAY DRIVER 


UCS5810H 
ANODE 
DRIVER 


~--44 <I =o 
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Dwg. No. A-14,189 
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BiMOS If POWER DRIVERS TO MIL-STD-883 


INCANDESCENT LAMP DRIVER 


OUTPUT ENABLE 4284 


\ CLEAR 


| sr 
> ROBE 


uP Ny " 


LATCHES) 
L 


i UCSS801H 


Dwg. No. A-11,.743A 


4- AND 8-BIT LATCHED DRIVERS 


The UCS5800H and UCS5801H are evolutionary improvements to 
the original BiMOS integrated circuits. They are used successfully in 
many applications. These high-voltage, high-current latched drivers 
have four or eight MOS data latches, a bipolar driver for each latch, and 
MOS control circuitry for the common CLEAR, STROBE, and OUTPUT 
ENABLE functions. Type UCS5800H contains four latched drivers while 
the UCS5801H contains eight latched drivers. 


Each of the open-collector Darlington outputs can sink up to 
500 mA and will sustain at least 50 V in the OFF state. Internal diodes 
suppress transients and allow these devices to be used with inductive 
laads. Package power limitations normally disallow simultaneous and 
continuous operation of all outputs at the rated maximum current, and 
usually dictate either a reduction in output current or a suitable combi- 
nation of duty cycle and number of active outputs. 


The UCS5800H is supplied in a standard 14-lead side-brazed 
hermetic package. The UCS5801H is furnished in a 22-lead side- 
brazed hermetic package with lead centers on 0.400-inch spacing. 


RECOMMENDED MAXIMUM OPERATING CONDITIONS 
Output Voltage 


Logic Supply Voltage 
Continuous Output Current 


OUTPUT ENABLE 


CLEAR 


STROBE 


uP 


* UCS5800H 


Owg, No. B-1491A 


BiMOS II POWER DRIVERS TO MIL-STD-883 


10-BIT SERIAL-INPUT/PARALLEL-OUTPUT 
LATCHED SOURCE DRIVER 


The UCS5810H BiMOS 10-Bit Serial-In/Parallel-Out Latched 
Source Driver is primarily designed as interface between logic circuitry 
and vacuum-fluorescent displays, but may also be used with LED 
displays or thermal printers within its output limitations of 60 V and 
-40 mA per driver. 


The CMOS shift register and latches will operate over a wide 
supply-voltage range and is compatible with standard MOS logic 
families. When used with TTL or low-speed TTL, pull-up resistors 
may be needed to ensure an input-logic high. 


The 10 high-voltage outputs are used to switch the anodes 
(segments or dots) and/or grids (character or digit) of typical 
vacuum-fluorescent panels. 


RECOMMENDED MAXIMUM OPERATING CONDITIONS 
Output Voltage 


Logic Supply Voltage 
Continuous Output Current 


8-BIT LATCHED SOURCE DRIVER 


The UCS5815H BiMOS 8-Bit Latched Source Driver is designed 
primarily for use with high-voltage vacuum-fluorescent displays. It 
contains an 8-bit type D latch and eight source outputs with pull-down 
resistors, a common strobe, blanking, and enable functions. 


The eight high-voltage outputs are generally used to drive the 
segments, dots (matrix panel), bars, or digits of vacuum-fluorescent 
displays. The UCS5815H is often used in combiration with the 
UCS5810H 10-Bit Serial Input, Latched Driver. 


RECOMMENDED MAXIMUM OPERATING CONDITIONS 
Output Voitage 


Logic Supply Voltage 
Continuous Output Current 
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BiMOS IIT POWER DRIVERS TO MIL-STD-883 


ALPHANUMERIC VACUUM-FLUORESCENT DISPLAY DRIVERS 
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SECTION 6. TECHNICAL DATA 
for Automotive, Signal-Processing, and Consumer ICs 


In Numerical Order «22.2.0... cceeeeeceeeeecceeseeeceneeescceeeseneeeseaeecsesaeeesececesnaeeees Beginning at 6-1 


OUTPUT 


OUTPUT 
NO CONNECTION SUPPLY 
GROUND DECOUPLING 
GROUNO DECOUPLING. 
OSCILLATOR DECOUPLING 


OSC. OUTPUT DET. INPLT 


OSCILLATOR 


Baer 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage. Veg 


(continuous) .........- -50 V to +16 V 

(ANAT HASEO)) pct sey ice as 24V 

(MOMS te nce aie Bees Soy lceah tat 50V 
Output Voltage, V..,- 

(ULN2429A).. 000. eee 30 V 

(ULN2429A -1) 00... eee 50 V 
Output Current, Iau, 

(continuous) .........-..04. 700 mA 

(1 hr. at+25°C). oe eee 1.0A 


Package Power Dissipation, P,.... 1.33 W* 


Operating Temperature Range, 
-40°C to +85°C 


Storage Temperature Range, 
dr euchiantamigh a RBs -65°C to +150°C 


* Derate at the rate of 16.67 mW/°C above 
T= +70°C. 


Dwg. PS -9*7 


FLUID DETECTOR 


Primarily designed for use as an automotive low coolant detector, 
the ULN2429A monolithic bipolar integrated circuit is ideal for detecting 
the presence or absence of many different types of liquids in automo- 
tive, home, or industrial applications. Especially useful in harsh environ- 
ments, reverse voltage protection, internal voltage regulation, tempera- 
ture compensation, and high-frequency noise immunity are all incorpo- 
rated in the design. 


A simple probe, immersed in the fluid being monitored, is driven 
with an ac signal to prevent plating problems. The presence, absence, 
or condition of the fluid is determined by comparing the loaded probe 
resistance with an internal (pin 8) or external (pin 6) resistance. Typical 
conductive fluids which can be sensed are tap water, sea water, weak 
acids and bases, wet soil, wine, beer, and coffee. Non-conductive fluids 
include most petroleum products, distilled water, dry soil, and vodka. 
The probe can be replaced with any variable-resistance element such 
as a photodiode or photoconductive cell, rotary or linear position 
sensor, or thermistor for detecting solids, non-conducting liquids, 
gases, etc. 


The high-current output is typically a square wave signal for use 
with an LED, incandescent lamp, or loudspeaker. A capacitor can be 
connected (pin 12) to provide a dc output for use with inductive loads 
such as relays and solenoids. 


The ULN2429A is rated for operation with a load voltage of up 
to 30 volts. Selected devices, for operation up to 50 V are available 
as the ULN2429A-1. In all other respects, the ULN2429A and the 
ULN2429A-1 fluid detectors are identical. 


These devices are furnished in an improved 14-lead dual in-line 
plastic package with a copper alloy lead frame for superior thermal 
characteristics. However, in order to realize the maximum Current- 
handling capability of these devices, both of the output pins (1 and 14) 
and both ground pins (3 and 4) should be used. 


FEATURES 


@ High Output Current 

@ AC or DC Output 

@ Single-Wire Probe 

M@ Low External Parts Count 
B Internal Voltage Regulator 
@ Reverse Voltage Protection 


Always orderby complete part number: 


[ Part Number | Maximum V 


ULN2429A 30 
|ULN2429A-1 | —550V | 


| 
i 
OUT | 
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2429 
_ FLUID DETECTOR 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vee =V 
(unless otherwise specified). 


Test Limits 
Symbol Test Conditions in. : 
Pvc [13 | Operating | 
a 
lout 
fose 


Cues 12V 


Pin 
13 
13 
V 
Vv ; 
P lour | 1614 [RL £10 KQ, Vour = Vour(max) 
ee 


CIRCUIT SCHEMATIC 


OSCILLATOR DECOUPLING 


ne 


03) @) G) @ © 


470n 


4.7K 
Q5 
4.7K 4.7K 22K 
2.5K a7 
4.7K 
a3 | 22k Ce (1) 
OUTPUT 
IV Q8 
Q6 
Q2 
4.7K 


DECOUPLING GROUND 


Dwg. No. A-10,825 


2429 
FLUID DETECTOR 


TEST CIRCUIT 


Dwg. No. A-10.707 


TYPICAL APPLICATIONS 


1O-16V 


eS OPTIONAL FOR 
tL p-c ourmur 


= 
Teoue 


HIGH-RESISTANCE (AIR) 


Dwg. No, A-10,706 


TURNS OUTPUT LAMP ON. 


= — — OPTIONAL FOR 
tLp-c ouTPuT 


on 
“Pour 


HIGH-RESISTAINNCE (AIR) = 
TURNS OUTPUT LAMP OFF, 
FLUO 


Dwg. No. A-10,7114 
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2436 AND 


2437 


COUNTDOWN POWER TIMERS 


The ULQ2436M and ULQ2437M are rugged, long-duration count- 
down timers specifically designed to operate in an automotive or 
industrial environment. Both devices use an internal RC oscillator to 
drive a digital countdown circuit for timing periods of typically 2-1/2 to 


OSC. () MODE SELECT 


GROUND GEC TION 5 minutes. The ULQ2436M multiplies the oscillator period by 4064 
NO while the ULQ2437M multiplies the oscillator period by 992, otherwise 
Se RTGS CONNECTION the two devices are identical. Internal logic can automatically cause the 


timeout to be halved for successive timeouts. I?L technology is used 
for the countdown and logic circuitry and conventional linear bipolar 
devices for the oscillator and output power functions. This combination, 
Dwg. PS-016 together with the low-cost 8-pin mini-DIP plastic package, results in a 
very economical power timer suitable for a wide variety of applications. 


TOGGLE f 5 | SUPPLY 


The Darlington-connected output driver is capable of switching 
loads up to 400 mA. 


FEATURES 


@ 28 V/400 mA Output Switch 

@ Low-Cost Ceramic Timing Capacitor 
m@ Dual-Mode Timing Operation 

B® -40°C to +85°C Operation 

M 10 V to 16 V Operation 

@ Internal Stabilizing Regulator 

@ Low-Cost 8-Pin Mini-DIP 


APPLICATIONS 


@ Automotive Rear-Window Defogger Timer 
@ Automotive Courtesy Light Timer 

B® Appliance Power Timer 

@ Power Control System 


ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Supply Current, | 

Output Voltage, Vo.y7 

Output Current, | 

Input Voltage, V, or V, ( 
(continuous) 

Package Power Dissipation, 


REG 


OUT 


Operating Temperature Range, 
-40°C to +85°C 
Storage Temperature Range, 
-65°C to +150°C ULQ2436M | Countdown by 4064 


Always order by complete part number: 


2436 AND 2437 
COUNTDOWN POWER TIMERS 


TEST CIRCUIT AND TYPICAL 
REAR-WINDOW DEFOGGER APPLICATION 


FREE AIR, Roy, = 80°C/W 


COUNTER 


65 Q, 65 mH 
YN 


—l 
Oo O—VMWA—_4] 


TOGGLE 10 kQ 


25 50 75 100 125 150 
TEMPERATURE IN °C 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


Dwg, GP-COS-+ 


Dwg, ES-012 


ELECTRICAL SPECIFICATIONS at T, = -40°C to +85°C, Voc =12V 
(unless otherwise specified). . 


Characteristic Test Conditions 


or T, = +25°C 
a6 MA, T, = +25°C 
7 = 28V. Veg = 12 


= 22 V. V..., = Open Circuit 


Input Threshold Voltage 10 kQ2 Series err a aeeKes ee 


Oscillator Tolerance 43.0 
7 = -40°C to +85°C +6.0 


Divider Count Initial Timeout, ULQ2436M 


V..=10Vto16V 
Mec ) Subsequent Timeouts, ULQ2436M 


Initial Timeout, ULQ2437M 
Subsequent Timeouts, ULQ2437M 
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2436 AND 2437 
COUNTDOWN POWER TIMERS 


CIRCUIT DESCRIPTION 


OSC. An external resistor in the range of 
200 kQ to 2 MQ and an external capacitor 
in the range of 0.001 uF to 1 uF determine 
the frequency of the internal oscillator. The 
period of oscillation is nominally R,C, with 
the overall output time period (after the 
digital countdown) of 


t = 4064 R,C, for the ULQ2436M 
t = 992 R,C, for the ULQ2437M 


where t is in seconds. See also MODE 
SELECT. 


OUTPUT. The output is an open-collector 
of a Darlington-connected transistor. The 
output is ON (low) during the timing period. 
An external Zener diode is used to protect 
the output against inductive-load switching 
transients and automotive “load dump”. 


TOGGLE. A push-button, momentary- 
action switch at this input toggles the timer 
between the ON and OFF states (push- 
ON/push-OFF). If the timer is OFF, the 
oscillator and countdown circuitry are 
started on the failing edge of the input 
pulse. If the timer is ON and timing, it will 
be turned OFF on the rising edge of the 
TOGGLE input signal before the time delay 
has elapsed. Internal de-bounce circuitry 
is included. 


SUPPLY. The timer requires a supply 
current applied to this pin through a 
current-limiting resistor (R,). An internal 8 
volt Zener diode shunt regulator provides 
a stable supply to the device over wide 
supply voltage variations. Capacitor C, 
is used to provide decoupling. 


MODE SELECT. With MODE SELECT 
connected to GROUND, the first activation 
will run for the preset time delay. All 
activations after the first will time out at 
haif of the initial preset time. This se- 
quence is reset each time the supply is 
interrupted. With MODE SELECT con- 
nected to SUPPLY (V,,,.), the timer will 
repeat the preset time delay each time it 
is activated. 
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COURTESY LIGHT TIMER 


TO | 
COURTESY 


LIGHT 


“DOOR SWITCHES 


COUNTER 


Dwg. ES-013 


2453, 2454, 2455 


AUTOMOTIVE LAMP MONITORS 


Capable of monitoring all types of automotive lamps, the 
ULN2455A ULQ2453M, ULN2454L, ULN2454M, ULN2455A, and ULN2455L lamp 
monitors provide multiple LED outputs to pinpoint the area in which a 
lamp has failed. The ULN2455A/L are quad comparators capable of 
monitoring eight individual lamps or groups of lamps. The ULQ2453M 
and ULN2454L/M are dual comparators with the latter featuring an 
additional output to trigger an alarm if either of the comparators detects 
a lamp failure. This output can be used to drive an audible signaling 
device or centrally located warning indicator. All devices can be used to 
monitor lamps, multiple low-voltage power supplies, or, with appropriate 
sensors, industrial processes. 


Installation and operation of these lamp monitors has no effect on 
normal lamp operation. Comparators sense the normal voltage drop in 
the lamp wiring (approximately 20 mV) for each of the monitored lamp 
circuits. Little additional wiring is necessary for installation because the 
system can be completely integral to the wiring assembly. No standby 
power is required...the operating voltage is obtained from the sense 
leads; the system is energized only when the lamps are turned ON. 


All devices are designed for use in the severe automotive environ- 
ment. Lateral PNP transistors provide high-frequency noise immunity 
and differential transient-voltage protection. Reverse voltage protection, 
internal regulators. and temperature compensation are all embodied 
in the circuit designs. A failure within a device will not affect lamp 
operation. 


These versatile lamp monitors are packaged in 14-pin plastic DIPs 
(suffix A), 8- or 14-lead surface-mountable SOICs (suffix L), or 8-pin 
mini-DIPs (suffix M) and are rated for operation over the temperature 
range of -40°C to +85°C. 


FEATURES 


@ No Standby Power 

Integral to Wiring Assembly 
B Fail-Safe 
a 
a 
| 


Reverse Voltage Protected 
Internal Transient Protection 
DIP or SOIC Plastic Packages 


ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 


Supply Voltage. V., 

Peak Supply Voltage. V.,(100 ms) .. . 
Peak Reverse Voltage, V,, 

Output Current, | 
Package Power Dissipation, P,, . See Graph 


Operating Temperature Range, 
-40°C to +85°C 


Always order by complete part number: 


ULG2#59M 
ULN245qM 
ULN2455A 
vasLead SOIG 


OUT 


Storage Temperature Range, 
-65°C to +150°C 
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2453, 2454, 2455 
AUTOMOTIVE LAMP MONITORS 


PIN OUT & FUNCTIONAL BLOCK DIAGRAMS 


ULQ2453M ULN2454L ULN2455A 
and ULN2454M and ULN2455L 


@ NC 


Dwg. FS-009A Dwg. FS-010 


Dwg. No. A-12,033A 


Note that the dual in-line package and the smail-outline IC package are electrically 
identical and share a common pin number assignment. 


+. 


—14-PIN DIP, Ray, = 60°C/W 


— B-PIN DIP, Rig jy, = 80°C 


7 14-LEAD SOIC, Ray, = 118°CW 


= 155°C/W 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


8-LEAD SOIC, R 


BJA 


0 
25 50 75 100 125 150 
AMBIENT TEMPERATURE IN °C 


Dwg. GS-008 


Se el a TT NEL EL a ee 
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2453, 2454, 2455 
AUTOMOTIVE LAMP MONITORS 


SIMPLIFIED SCHEMATIC 
(SINGLE DIFFERENTIAL SENSE AMPLIFIER) 


Dwg. £S-011 


ELECTRICAL CHARACTERISTICS at T, = +25°C, vee = aa =10to l6V 
(unless otherwise noted). 


Characteristic Test Conditions | Min. Typ. Max. | Units | 
—_— 0.8 1.0 Vv 


Output Saturation Voltage Voges loyy = 5 MA, AV, > 20 mV 
Igyp = 30 MA, AV, > 20 mV 


Differential Switch Voltage AV 


Input Current lng 


AV y= Viv-Viy Vg = +30 mV 


AV = ViyeViy Vg = “30 mV 
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2453, 2454, 2455 
AUTOMOTIVE LAMP MONITORS 


PRINCIPLE OF OPERATION 


Operation of these lamp monitors is 
similar to that of a simple bridge circuit in 
which the top two legs of the bridge are 
formed by the wiring assembly resistance or 
discrete low-value resistors. The bottom legs 
of the bridge are the monitored lamps. These 
differential amplifier circuits sense the voltage 
drops in the wiring assemblies (approximately 
20 mV) for each of the lamp circuits. When 
the system detects a difference in voltage due 
to an open filament, the appropriate output 
driver is turned ON. 


BASIC BRIDGE MONITORING SYSTEM 


FEED 
’ 


DIFFERENTIAL 


<—___---———_ INPUT SIGNAL. | ———-----—-> 


SIGNAL 
= OUTPUT + 


Dwg. No. A-11,473A 


TYPICAL SWITCH CHARACTERISTICS 


30V 


OUTPUT VOLTAGE, Vout 
MIN. SWITCH 
MAX. SWITCH 


VCE (SAT) 


7.0 mV¥ 20 mv 
DIFFERENTIAL SWITCH VOLTAGE, OVin 


Owg. No. A-12,187 


TYPICAL APPLICATIONS 


POWER SUPPLY SUPERVISORY CIRCUIT 


O VREF 


R2 


Vin O in 
Ry 3 


VOLTAGE FOLLOWER SUPPLIES 
DETECTOR OPERATING CURRENT 
Vorrset < VswitcH 


hes 


f+ VSWITCH 


R2 (Vin - VREF) 
VREF 


Vewitcr (Ry |] R2) (Ry + R2) 
(AVin*R2) -Vswitcn (Ry + R2) 


4 ULN-2455A__ 


IF Veep = 10V iF OVin = 250 mv a 
Vin = 19. Vswitch = 13 mv 


R2 = 15kL 
THEN Re = 4232 
THEN Ry = 7.5k2 


Dwg. No. B-1524 


QUAD LAMP MONITOR 


Dwg. No. A-12.035A 


ULQ2460A 


PICKUP - 


BIAS 


GROUND 


SUPPLY 


OUTPUT 


SENSE 


POWER 
GROUND tL _—. 


PICKUP + 


TACH 
ADVANCE 


DWELL 
— CONTROL 


EST COMPUTER 


REFERENCE 
WAVESHAPE 


BYPASS MODE 


NO 
CONNECTION 


Dwg. PS-014 


ABSOLUTE MAXIMUM RATINGS 
in Typical Application 


(continuous) 
Peak Reverse Voltage, V,, 
Package Power Dissipation, 


See Graph 


Operating Temperature Range, 
-40°C to +125°C 


Storage Temperature Range, 


-65°C to +150°C 


ELECTRONIC SPARK TIMING 


The ULQ2460A and ULQ2460LW electronic spark timing circuits 
are intended to interface between conventional electromagnetic pick- 
ups, a computer-controlled electronic spark timing (EST) computer, 
and a high-efficiency ignition coil. 


In application, the devices are designed to withstand various load 
dump and battery supply transients and to protect their output. They 
provide a positive shut down feature if battery supply voltages exceed 
35 V. In the event of an open or shorted signal input, they provide a fail- 
safe mode that shuts off the output. If the EST computer fails or is 
disconnected, the ULQ2460A/LW will continue to process the pickup 
signal and thus allow the engine to continue to operate in a “limp” or 
soft-failure mode. For additional reliability improvement, a constant- 
current ignition coil drive eliminates the need for the usual ballast 
resistor. 


The ULQ2460A is furnished in a 14-pin dual in-line plastic package. 
The ULQ2460LW is supplied in a surface-mountable 16-lead wide-body 
SOIC. Both devices are rated for operation over the automotive tem- 
perature range of -40°C to +125°C. 


FEATURES 


B improved System Reliability 

@ Internal Bypass Mode 

B Constant-Current Drive to Ignition Coil 
180 mJ Primary Coil Energy 


Always order by complete part number: 
ULQ2460A 14-Pin DIP 
ULQ2460LW | 16-Lead Wide-Body SOIC 
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2460 
ELECTRONIC SPARK TIMING 


FUNCTIONAL BLOCK DIAGRAM AND TYPICAL APPLICATIONS 


BATTERY 


EST 
compuTeR 7 WW 


1102 
IGNITION 
COIL 


BYPASS 
MODE 


PICKUP 
COIL 
nom. 


i) 
uf 


3k 


1 REFERENCE = 
~ WAVESHAPE a 


Dwg. FS-041 


E 
v= 2.5 
i PICKUP PICKUP + 
z TACH 
6 20 B 2 
& pS a | ADVANCE 
a 
a OWELL 
wD 7 “Ne 
gurFix GROUND | Ay 18 CONTROL 
IO Mgr? — ap oe | 
& SUPPLY [ 4} Vo E | 13 } EST COMPUTER 
° 
a = on 
< oun ne) SSE 
3 4 | 
< ask 
g SUPFIX LW. Rasa SENSE | 6 B [11 | BYPASS MODE 
a rena ween 
ree POWER a | no fra] NO 
a GROUND a *) CONNECTION 
$ si 
a> %G ton NC no [ 9 | NO 
a 8 50 75 400 125 150 CONNECTION —! CONNECTION 
AMBIENT TEMPERATURE IN °C 
Dwg. GS-009 Dwg. PS-015 


2460 
ELECTRONIC SPARK TIMING 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V,,,.= 16 V, in typical application 
(unless otherwise noted). : 


Characteristic Test Conditions 


< 


,=2.3V, 160pHA<1,,< 360 LA 


At 


= 23V, 3mA<1,,<15mA 


= 
> 


V,=23V, Output HIGH 
Vy = 2. 3 V, “Output LOW 


EST Input Current =2.3V.V,=2.3V 


=2.3V.V,=0V 
Reference Output i 10pA, Vy =0V, Vo. = 700 mV 
-1 MA. Vey = 700 mV _ 
aa Vey = 30 mV 
Input Threshold Von e=4V.Ve=0V, Output HIGH 


aaa V,=0V 
SS V,=5V 


Input Hysteresis 


Output Saturation Vesta 
Voltage : IE Se Buca eae 
Load Dump, lay, = 750 mA. 


Vans o¥ 


OUT 


4V<V..<26V 


Output Current Ve Vec= 14.5 V, Vey=2V +2000 | ppm/°C 


Temperature Coefficient 


Dwell Contro| j y= 7V.V,=0V, Vg=0V.V.; 
Charge Current 


Dwell Contro! no: Voy= 2-5 V. Ve = 200 mv, Va=OV.V,,= 
Discharge Current - f 


5 
> 


NOTE: Pin numbers apply to ULQ2460A. Continued next page.. 


2460 
ELECTRONIC SPARK TIMING 


ELECTRICAL CHARACTERISTICS continued 


Symbol 
Dwell ON Von V,=0V,V,.=4 V, Output HIGH 
Threshold Control 
Dwell Threshold Vv V.=0V, V,,= 7.5 V, Output HIGH 
Control Clamp 
Advance Control V) V,=7V125V,V.,=0V 

Vp PN & »Vi2=0 Vv 

P(ON) a : 

P(OFF) mens 


Limits 


N 
Advance Control 
Advance Control 
Comparator Enabled Ven= 8 V, Output LOW 
Advance Control 
Comparator Disabled Nea 8 YOUN 
Advance Control AV 
Differential Voltage F 
Sense Input Clamp Vi,=70.5V 
Zener Clamp Current Voc = 35 V, pulse test 


NOTE: Pin numbers apply to ULQ2460A. 


2460 
ELECTRONIC SPARK TIMING 


CIRCUIT DESCRIPTION & TYPICAL APPLICATION 


The ULQ2460A or ULQ2460LW electronic spark timing circuit is 
connected to the electronic spark timing computer at three points: 


REFERENCE WAVESHAPE (R). Sends engine crankshaft position 
and speed information to the electronic spark timing computer as 
determined by the state of the bypass control input. 


ELECTRONIC SPARK TIMING (E). Receives dwell and timing 
information from the electronic spark timing computer for the initiation 
of primary coil current and spark timing. When the EST computer is in 
control (input B pulled high), a constant-current sink at this input turns 
ON as confirmation back to the computer. 


BYPASS MODE (B). With an active-low signal from the electronic 
spark timing computer or open circuit at this input (either is indicative 

of a computer failure), the device senses and processes the input signal 
received from the pickup coil. thereby generating and controlling dwell, 
spark timing, and spark advance without the aid of the computer 
(bypass mode). With a high signal input from the computer, the 
ULQ2460A/LW processes the input signal received from the pickup coil, 
generating a modified pulse train at the reference waveshape output 
which, after processing by the EST computer, is returned to the device 
through the EST terminal thereby allowing the computer to determine 
dwell, spark timing, and spark advance (EST mode). 


The floating, ground-isolated signal generated by the electromag- 
netic pick-up is connected to the circuit through the P (positive) and 
N (negative) inputs. 


The output of the circuit is connected through an external 
Darlington-connected power driver and the primary winding of a high- 
efficiency ignition coil to the battery without the need for ballast resistor 
protection and provides the following functions: 


1. Stores energy in the magnetic field of the ignition coil based 
on the available dwell time. 


2. Limits the maximum energy stored in the magnetic field of 
the ignition coil by limiting the maximum current that can be 
achieved (typically 5.5 A). 


3. At the required time, it rapidly shuts off the coil current 
causing a collapse of the magnetic field and dumping the 
stored energy through the secondary winding at a very- 
high voltage into the spark plug. 


In the EST mode of operation, the output is totally under the control 
of the computer. 
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3827 


SUPPLY 


DE-EMPHASI!S 


HIGH CUT 


L OUT 


R OUT 


HIGH CUF 


DE-EMPHASIS 


BLEND 
NOISE 
BANDPASS 


GROUND 
PLL FILTER 
LAMP FILTER 


STEREO LAMP 


BLEND 
TIMING/ FILTER 


COMPOSITE IN 


DECOUPLE 


BLEND NOISE 
BANDPASS 


NOISE 
DEMODULATOR 


Dwg PS-011 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, V., 
Package Power Dissipation, P, 


Operating Temperature Range, 
T -40°C to +85°C 


Storage Temperature Range, 


-65°C to+150°C 


FM STEREO DECODER 


The ULN3827A FM stereo decoder utilizes advanced demodulation 
techniques for improved performance under adverse receiving condi- 
tions. This is particularly important in automotive receivers where the 
signal strength and multipath effects are continuously changing. It is 
designed to provide the best possible performance under the widest 
range of signal conditions while also reducing the cost and complexity 
of standard FM multiplex receivers. This is accomplished through the 
use of a dual-bandwidth phase-locked loop and a Walsh function for the 
regenerated carrier. These two improvements to the carrier recovery 
system produce the best possible immunity to noise and interference 
of any modern PLL stereo decoder under poor signal conditions. 


The dual-bandwidth phase-locked loop switches to a very narrow 
bandwidth to assure optimal phase stability under noisy reception 
conditions. Noise-actuated blending adjusts the stereo separation as 
a function of signal-to-noise ratio to reduce the background noise for 
low-signal levels and eliminate transition problems at the stereo/mono 
switch point. The regenerated 19 kHz reference and 38 kHz carrier are 
free from 3rd and 5th harmonics to improve adjacent channel rejection 
and signal-to-noise ratio as well as providing good rejection of ARI 
(Auto Radio Information), RDS (Radio Data System), and other data 
tones. 


The ULN3827A is supplied in a 20-pin dual in-line plastic package 
with a copper lead frame that eliminates many decoupling problems. 


FEATURES 


Reduced Automotive Stereo Multi-Path Effecis 
Dual Bandwidth Phase-Locked Loop 

No Adjustments Required 

Improved Adjacent-Channel Rejection 

Good ARI/RDS Rejection 

19 kHz Pilot Canceling 

Noise-Actuated Blending and High Cut 
Ceramic Resonator Controlled Oscillator 
Automatic Stereo/Mono Switching 


Always order by complete part number: [ULN3827A |. 


3827 


FM STEREO DECODER 


FUNCTIONAL BLOCK DIAGRAM 


BLEND NOISE BP 
SUPPLY 


1; BLEND NOISE 


(0) BANDPASS 


LAMP 
FILTER 


L-R 


rc 


©) GROUND OSC 


TO iho-v 


BLEND TIMING 
| AND FILTER 


HIGH 
Geo (2) DE-EMPH. 


DE-EMPH. 


Dwg, FS-008 
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3827 
FM STEREO DECODER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V.,. = 10 V, Composite Input = 400 mVrms 
(L = R, pilot OFF), Pilot Level = 40 mVrms, fs = 1 kHz, unless otherwise specified. 


Limits 


Characteristic Test Conditions Min. Typ. 


THD = 1.0% 600 800 
a 
einen 


Stereo Channel Separation f,, = 100 Hz _ 50 


{,, = 1.0 kHz 
f,, = 10 kHz 


Monaurai Channel Balance 19 kHz Pilot Level = 0 — 0 


Total Harmonic Distortion 19 kHz Pilot = 0 
(100 Hz to t kHz) 


Lor R only 


Ultrasonic Frequency Rejection 19 kHz 36 51 
38 kHz 35 45 


SCA Rejection 67 kHz (Note 2) — 65 


Spurious Response 114 KHz, 10% modulation 
190 kHz, 10% modulation 


=a 

Stereo Switch Level 19 kHz Pilot Only, Lamp ON 10 18 
Lee 19 KHz Pilot Only, Lamp OFF 6.0 1 
— 30 


Capture Range Pitot = 6.0 mV _— 300 
Lock Range Pilot = 20 mV _ 300 


Stereo Lamp Output Current Short Circuit, Lamp ON 0 20 
Lamp OFF, V,, = 12 V _— 0 


Quiescent Supply Current Lamp OFF —_ 22 


NOTES: 1) Typical values are given for circuit design information only. 
2) Measured with a stereo composite signa! of 80% stereo, 10% pilot, and 10% SCA. 


aD 
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3827 
FM STEREO DECODER 


THE ALLEGRO 
FM STEREO SYSTEM 


This new stereo decoder utilizes ad- 
vanced demodulation techniques for im- 
proved performance under adverse receiving 
conditions. This is particularly important in 
automotive receivers where the signal 
strength and multipath effects are continu- 
ously changing. The ULN3827A FM stereo 
decoder also reduces the cost and complexity 
of FM multiplex receivers. It is designed to 
provide the best possible performance under 
the widest range of signal conditions. This is 
accomplished through the use of a variable- 
bandwidth phase-locked loop and the use of 
a Walsh function for the regenerated carrier. 


Prior integrated stereo decoders utilized a 
loop bandwidth of typically 300 Hz, which was 
a compromise between acquisition perform- 
ance and carrier recovery. Acquisition is 
generally satisfactory with this bandwidth, 
however, carrier recovery integrity often 
degrades under noisy conditions; in the worst 
case to complete loss of carrier. This is more 
apparent under multipath conditions. Al- 
though this is not the only noise observed 
under multipath events, it is a real source of 
disturbance. A secondary feature of the wider 
bandwidth is a peak in L — R distortion at 
the loop resonance frequency at 9.5 kHz. 
Clearly, to provide optimal performance, the 
loop bandwidth should be sub-audible. To 
provide reasonable acquisition times, the 
ULN3827A phase-locked loop is operated in 
a wide-band mode until carrier acquisition. 
Upon capture, the loop is then switched to 
a narrow-band mode (typically 20 Hz) to 
provide superior noise immunity under 
adverse signal conditions. 


Currently available stereo decoders 
generate square waves for the regenerated 
19 kHz pilot and 38 kHz carrier. Although this 
is convenient from the standpoint of circuit 
design, the spurious response of the receiver, 
as observed at RF, exhibits a sine n/n spuri- 
ous response pattern centered about the 
received frequency and spaced at 38 kHz 
intervals. The most detrimental harmonic is 
the 5th, located at 190 kHz, since this spuri- 
ous seriously degrades adjacent channel 
rejection. The preferred technique for elimi- 
nating these spurious responses would be the 
use of a pure sine-wave regenerated carrier. 


TEST CIRCUIT AND TYPICAL APPLICATION 


Vee 


MURATA CSB608F 


LEFT OUT O—4 
RIGHT OUT O-——~4 


ISTEREO DECODER 


POLARIZED CAPACITANCE VALUES ARE IN 
KE, NON-POLARIZED CAPACITANCE VALUES 
ARE IN pF, UNLESS OTHERWISE INDICATED. 


Dwg. ES-010A 


The typical application and circuit constants herein are included only as an example 
and provide no guarantee for designing equipment to be mass-produced. The 
information herein is believed to be accurate and reliable. However, no responsibil- 
ity is assumed by Allegro MicroSystems for its use, nor for any infringements of 
patents or other rights of third parties which may result from its use. 


However, this is impractical using digital carrier regeneration 
techniques. A more conveniently implemented method is the Walsh 
function which is a digital technique for generating the odd-ordered 
harmonics in a waveform that can be subtracted from the square wave 
to produce a sine-wave approximation. This avoids much of the 
previously described spurious responses. The implementation of this 
function is relatively easy in a modern stereo decoder employing a high- 
frequency ceramic resonator for the oscillator since the required divider 
can readily produce the Walsh function as a side product. 


This stereo decoder also incorporates a noise-operated blending 
system that is compietely contained within the chip. Other devices with 
signal-strength operated blending are frequently fooled into full stereo 
operation by strong but poor quality signals during multipath events. 
The noise-operated blending system is also actuated by environmen- 
tally generated and multipath-induced noise since the system is based 
exclusively on signal-to-noise ratio as observed at the FM detector 
output. Since the technique of blending on noise is inherently more 
repeatable than signal-strength based blending, production blend 
adjustments are not required. 
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3827 
FM STEREO DECODER 


PIN FUNCTIONS 


In addition to the advanced features 
previously described, the ULN3827A decoder 
uses a ceramic oscillator to eliminate the last 


Ee 1 Supply 
remaining adjustment. Forced mono can be > 
accomplished externally which also stops the 2 Left De-Emphasis R, = 27.8 kQ 
oscillator. 3 Left High Cut R, = 20 kQ 
oe 4 Left Output R, = 1 kQ 

Implementation is in BIMOS IV which is 5 Right Output R, = 1 kQ 
a bipolar plus CMOS process. It has the 6 Right High Cut R= 20kQ 
advantages of low-noise linear circuitry and ; ; s 
CMOS logic that is dense (for reduced cost) 7 Right De-Emphasis Rg = 27.8 kQ 
and fully characterized for operation over a 8 Blend Capacitor 


© 


very-wide temperature range. Blend Capacitor 


10 Blend Capacitor 

11 Blend Capacitor 

12 Blend Capacitor 

13 Blend Decouple 

14 Composite Input Ry = 25 kQ [1] 
15 Blend Timing & Filter | [2] 

16 Stereo Indicator Locked = 0.1 V 
17 Lock Detector Filter Locked = 4.7 V 
18 Loop Filter Locked = 4.7 [3] 
19 Ground —_ 


ye) 
fo) 


608 kHz Resonator 


NOTES: 1) The decoder matrix does not account for FM detector frequency roll-off. 
An input RC network can be used to correct for this if separation is not 
sufficient. 


2 


Biend threshoid can be increased to about 42 cB (but separation will be 
reduced at lower levels) by adding 470 kQ2 to V.... Smaller values will 
cause blending when it is not desired. 


-_ 


The loop filter capacitor should be low-leakage current because the phase 
detector output current is very low. 
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3846 


AM NOISE BLANKERS 


These noise blanker integrated circuits contain all of the necessary 
circuitry for adding an extremely efficient noise blanking technique 
(patents pending) to any type of AM tuner or receiver with RF input 
frequencies (or a first IF) to 30 MHz. The ULN3845A/LW features dual 
audio channels and is intended for AM-stereo or independent sideband 
applications. The ULN3846A/LW has only a single audio channel! but is 
electrically identical to the ULN3845A/LW in all other respects. 


ULN3845LW 


A high input impedance, high-gain, broadband RF amplifier permits 
these devices to be directly connected to the RF stage of a tuner. The 


RFOIN(E 


ar aes a internal automatic gain controi circuitry insures that the noise detection 
Re BIAS threshold remains constant with changes in input signal level. The AGC 
RE AGC circuitry is identical to that of the ULN3841A/LW AM signal processors 


and is especially recommended for use with those devices. The re- 
sponse time of the RF gate is sufficiently fast to blank the noise pulse at 
the output of the mixer before the IF filter. Very-short blanking times will 
A139 effectively suppress most of the interfering noise. Residual audio noise 
2 is removed by an audio sample-and-hold gate. The RF blanking time, 
DO IN; audio gate delay time. and audio gate blanking time can all be indepen- 
dently adjusted to suit the particular application. 


AUDIO DELAY [5 


AUDIO 


AUDIO iN. [2 


Owg. PS-093 These AM noise blankers are packaged in plastic DIPs (suffix A) 
or surface-mountable wide-body SOICs (suffix LW), and are rated for 


operation over the temperature range of -40°C to +85°C. 
The ULN3845A (dual in-line package) and 


ULN3845LW (small-outline IC package) are FEATURES 


electrically identical and share a common pin 
numberassignment RF Blanking to 30 MHz 

Single-Channel or Stereo Audio Blanking 
Adjustable RF and Audio Blanking Time 
Adjustable Audio Bianking Delay 
Sample-and-Hold MOS Audio Gates 
Internal Voltage Regulation 
Minimum External Components 


APPLICATIONS 


M@ AM and AM-Stereo Automotive Radios 
@ CB Transmitter/Receivers 

@ Short-Wave Receivers 

@ Mobile Communications Equipment 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vug . 1... eee Secs MN. 
Package Power Dissipation, 


Always order by complete part number: 


Operating Temperature Range. __Part Number _ Function 7 ao Package | ; : 
Tir esaiones sere ay GOP es 6 | ULN3845A Stereo | 18-Pin DIP 
Storage Temperature Range, | ULN3845LW __ Noise Blanker | 18-Lead SOIC 
Saiki SS oe Co #1230 UNL3846A Mono 18-Pin DIP 
| ULN3846LW Noise Blanker |; 18-LeadSOIC | 


3845 AND 3846 
AM NOISE BLANKERS 


ULN3846LW 
RF IN of gel SUPPLY 
op Ses 
noise JU 
ULN3646A 
RF NY 
RF IN SUPPLY 
pel el CONNECTION 
; RE GATE 
RF BIAS Hae 
RF_GATE 
RF AGC eae 
AUDIO DELAY GROUND 
AUDIO BLANK RF BLANK 
TIME (R) TIME 
AUDIO BLANK NOISE 
TIME (C) DIFFERENTIATOR 
AUDIO OUT [Ea E< AUDIO IN 
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Dwg. PS-004 


The ULN3846A (dual in-line package) and the 
ULN3846LW (small-outline IC package) are 
electrically identical and share a common pin 
number assignment. 


TEST CIRCUIT 


—-O RF BYPASS 


FIGURE IL 
0 COS Vee 
— 
60.4 267 
0.017 0.01 
1 1te 
93 
1875 


O MIXER OUT 


= O01 
AUDIO OUTO- 


AUDIO 


10} 
[E—O AUDIO OUT 
57° AUDIO IN 


Dwg. 5-007 


Note that the noise-pulse input is 
attenuated 20 dB by the test circuit. 


FUNCTIONAL BLOCK DIAGRAM 
(ULN3845A/LW) 


AUDIO AUDIO 
DELAY BLANK 


: 3 


+ 


dvV/dt 


69pF 
a 


RF 
RF BLANK ! 
(3) Ae BYPASS! 


+4V 
(2 NO CONNECTION 
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3845 AND 3846 
AM NOISE BLANKERS 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Voc =9V, f. = 1 MHz, 
Noise (F cise) = 500 Hz Square Wave, f= = kHz, Test Figase 1. 


Characteristic ins* Test Conditions 


Supply Voltage Range — 


RF INPUT AMPLIFIER: 


es Threshold ii Noise Pulse ll let for Vo. 


RF SWITCH: 
| ONResistance | Resistance 


jon Resse Resistance 


Time Delay 1-15 From Beginning of RF Pulse 
to Beginning of RF Blanking 


AUDIO SWITCHES: 
| Gan } 9-8, 10-11 | 8. 10-11 ‘ 
E 


BLANKING TIMERS: 


15 R.,= 
Audio Delay ae R, = 350 kQ2 
Audio Blanking =a R= 110 kQ, C, = 0.0012 uF 


*Pin numbers are for ULN3845A/LW. 
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3845 AND 3846 
AM NOISE BLANKERS 


CIRCUIT DESCRIPTION 


Previous attempts at suppression of 
impulse noise in AM receivers have used a 
variety of approaches ranging from gating the 
signal OFF at the antenna to simply clipping 
(limiting) any signal that was larger than the 
average modulation. Unfortunately, the former 
can generate as much noise as it removes 
while the latter only reduces the level of noise 
impulses and does not remove them. 


A major problem in attempting to sup- 
press impulse noise in an AM receiver can 
best be described by looking at the shape of 
a noise pulse as it passes through a typical 
tuner as shown in Figure 2. Here, a typical 
0.5 us pulse is applied to the antenna input. 
The resulting waveforms are essentially the 
impulse response of the different selectivity 
sections as limited only by the dynamic range 
of the individual sections. Note that the signal 
remains quite narrow until the IF filter is 
reached. Because of the relatively narrow 
bandwidth of the IF filter, the limiting of the 
IF amplifier, and the filtering effect of the 
detector, the audio output resulting from 
the impulse is much wider than the original 
input pulse and is therefore much more 
objectionable. 


One blanking scheme currently in use 
senses the noise pulse in the IF amplifier and 
blanks the audio output. This results in a long 
blanking time and poor performance at the 
higher frequencies where a short blanking 
time is needed most. 


The ULN3845A/LW and ULN3846A/LW 
take a different approach to the noise sup- 
pression problem by sensing the noise pulse 
in the receiver's RF section and blanking the 
pulse before it reaches the IF. This requires a 
noise amplifier with a minimum propagation 
delay and high-speed gating. 


Blanking the noise pulse in this way is 
very effective, but some of the interference 
can still reach the audio output due to the loss 
of carrier during the blanking interval. For this 
purpose, an additional delay, blanking inter- 
val, and audio gate (or gates in the case of 
the ULN3845A/LW) are included to further 
suppress any residual signal. The result is 
almost 100% suppression of impulse noise 
including that from ignition systems and from 
sources producing interference at a power 
line rate such as light dimmers and fiuores- 
cent lamps. 


QUIESCENT DC VOLTAGES 
(FOR CIRCUIT DESIGN INFORMATION ONLY) 


Pin Number 
ULN3845A/LW ULN3846A/LW 


Typical 

DC Voltage 
RF In 3.1 
RF Bypass 3.1 
RFBias 3.1 
RF AGC 0.9 
Audio Delay 4.8 
Audio Blank Time (R) 48 
Audio BlankTime (C) 4.8 
Audio Out, 4.75 
Audio In, 4.0 
Audio In, 4.75 
Audio Out, 4.0 
Noise Differentiator 49 
RF Blank Time 48 
Ground 


RF Gate High 
RF Gate Low 


No Connection 
Supply 


oOoOmn oar WN =~ 


SBRz>oOeL MN BOTHAA WD + 


a 
& 


Reference 


a a 
on Om 


Referring to the Functional Block Diagram, the RF input stage is a 
differential amplifier, so that the input impedance is high. The triggering 
threshold at the RF amplifier input is about 15 V at 1 MHz. This means 
that a pulsed RF input signal of 15 uV will exceed the threshold and 
trigger the blanker. The external capacitor at the dV/dt detector circuit 
(C,,) is selected so that audio signals do not cause triggering. At high 
input levels, the threshold is internally set so that an RF burst of 50% 
modulation triggers the blanker. A resistor in parallel with C,, will 
increase the detection threshold level. 


The RF-switching MOSFET (pins 15-16) is controlled by the RF 
one-shot whose gate time is determined by the value of R.,,,. 


RF Gate Time (us) = 157 x 10? x R,, 


where R,, should be greater than 33 kQ. Smailer values for C,. will 
reduce the sensitivity to RF input pulses. The MOSFET turns ON within 
approximately 1.5 us (shunting the RF signal to ground) after a noise 
pulse is detected and then turns OFF over a 15 1s period after the end 
of the RF gate time. The ON resistance of the MOSFET is about 40 22. 
The slow turn-OFF prevents any additional transients from being 
introduced into the receiver by the RF gate. The internal gate circuit 
also includes charge-balancing circuits so that switching transients are 
canceled and do not appear at the output. These features ensure 
transient-free switching even when the RF gate is connected to the 
low-level input stages of a receiver. Note that the RF gate must be 


SR 6 ST aE a 
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3845 AND 3846 
AM NOISE BLANKERS 


TYPICAL PULSE RESPONSE 
FIGURE 2 


ANTENNA RF MIXER IF AUDIO 
BW='WIDE'’ 20kHz 12 kHz 5 kHz 


pee 


in 


[IF LIMITING 


Aine Nlics out aaly 


"y [rears 
O5us a 
NOISE fs 2 

PULSE _Jsous 500us 


Dwg. OS-001 


connected to a supply to obtain the minimum ON-resistance of the 
MOSFET gate. This makes it convenient to connect the RF gate in 
parallel with the receiver mixer output transformer primary. 


Blanking in the RF or mixer sections of the receiver removes most 
of the noise pulse but a small amount still remains due to the hole 
punched in the carrier. This residual noise is theoretically somewhere 
between the peak audio and 100% negative modulation but is signifi- 
cantly smaller and narrower than that which the impulse would normally 
produce without blanking. An audio delay, one-shot, and audio gate(s) 
are included to eliminate this residual signal. 


The audio delay is determined by the value of R,: 
Audio Gate Delay (us) = 143 x 10° x R, 


where R, should be greater than 33 k2. The amount of delay required 
will depend on the IF filtering characteristics of the particular receiver 
design. After the audio delay time, the audio one-shot is triggered. The 
audio switching MOSFETs (pins 8-9 and pins 10-11) are controlled by 
the audio one-shot whose gate time is determined by the values of R, 
and C,: 


Audio Gate Time (us) = 2.2xR,xC, 


The MOSFET audio gates also include charge-balancing circuits to 
eliminate switching transients. 
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3845 aND 3846 
AM NOISE BLANKERS 


RELATIVE SENSITIVITY IN dB 
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TYPICAL RF FREQUENCY 


RESPONSE 


0.1 


1.0 10 
RF INPUT FREQUENCY IN MHz 


Dwg. GS-006 


TYPICAL APPLICATION 


A typical application using the ULN3845A in a C-QUAM® AM 
stereo car radio tuner is shown in Figure 3. Although there is a 1.5 us 
delay from the beginning of the noise pulse to the start of blanking, this 
is small compared with the impulse response time of the receiver. It 
takes almost 10 us for the RF noise burst to reach 70% amplitude at 
the mixer input. The blanker RF input could have been connected to the 
collector of the discrete RF amplifier, but the bandwidth is much wider 
there and false triggering from strong adjacent channel signals could 
occur. 


The ULN3845A/LW and ULN3846A/LW noise blankers can also 
be used in dual-conversion AM tuners. The blanker RF input would 
then be connected at the first IF amplifier input and the blanker RF 
gate connected at the second mixer output. Since the first IF band- 
width is usually relatively wide, the noise pulses are narrower, and 
the RF blanking time will be correspondingly less. In this case, it may 
be necessary to reduce the value of capacitor C,, so that the noise 
separator does not extend the RF blanking time. 


COIL INFORMATION FOR HIGH-PERFORMANCE 
ETR AM STEREO RECEIVER WITH 
NOISE BLANKING 


® Registered trademark of MOTOROLA, INC. 


4300930 
038315 


{a J 
“ 
i 


“1 


MISPRENTN 


ONDINVIG ASION HLIA WHATS ORY OFWALLS WV WL 
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3847 


TECTOR 


DE 


HIGH EVEL 


GROUND 


DUAL-CONVERSION AM RECEIVER 


27] IF BIAS. 
{ 26] DECOUPLE 


IF 


REGULATOR 


AFC OUT [6 


stop [7 


MIX 1 OUT, 


Mix touts [1 


> 
2 


WB AGC 1 IN 


Ar 


NA AGG OUT 


OSC BUSFER [15 


[as 


LOW-LEVEL 
GROUND 


1] AGS Merb 
3] CRYSTAL 
'} AGC RATE 2 
MIX 20.7 


MIX2 Eg 


MIX2 Es 


7] 


WB AGC 2 IN 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Vag 
Package Power Dissipation, P, .... 


Operating Temperature Range. 
-40°C to +85°C 


Storage Temperature Range. 


-65°C to +150°C 


Providing the AM signal processing functions for an electronically 
tuned AM receiver (ETR), the ULN3847EP includes two balanced 
mixers, a crystal local oscillator, an L/C-tuned local oscillator, oscillator 
buffer, IF amplifier, AM detector, scan contro! detectors, and a switch- 
able voltage regulator. This dual-conversion device mixes the incoming 
RF up to a first IF of 10.7 MHz, then down to 450 kHz, and then detects 
the audio. The addition of a JFET matched to a whip antenna, RF low- 
pass filter, IF selectivity, and audio stages gives a complete AM radio 
which can be used in automotive receivers. The frequency-detecting 
stop circuit is also capable of recovering narrow-band FM, making it 
useful for scanners or weatherband radio applications. 


The ULN3847EP has a greatly improved stop detection system 
over other existing devices. It uses the dual criteria of frequency and 
amplitude for establishing a valid stop. Tuning accuracy (frequency 
criteria) is established by evaluating phase shift across the detector coil. 
The circuitry is similar to that used in FM discriminators. Since this 
detection system is phase operated, it remains effective even in the 
presence of strong signals, which can cause false stops in systems 
using narrow-band filters. The amplitude criterion for stop is determined 
by evaluating the IF level. It includes a unique circuit that removes the 
effect of the AGC action. This allows the AGC tuning components to be 
selected for low-frequency audio performance without compromising 
scanning speed. 


This AM signal processor is packaged in a 28-iead plastic leaded 
chip carrier (PLCC) for surface-mount applications and is rated for 
operation over the temperature range of -40°C to +85°C. 


FEATURES 


Low Noise Figure 

Balanced Mixers 

Buffered Oscillators 

Very Effective Stop Detector 
Dual Wide-Band AGC 
Delayed AGC 

Narrow-Band FM Output 

6.5 V to 12 V Operating Range 


APPLICATIONS 


@ Automobile Radios 
@ High-Quality Home Entertainment Receivers 


Always order by complete part number: ULN3847EP| ‘ 
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3847 
DUAL-CONVERSION AM RECEIVER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, V... = 10 V 


Sensitivity 

Recovered Audio 

Total Harmonic Dist. V,, = 1 mV, Mod = 80% 
Vis 


Stop Sensitivity 
Stop Bandwidth V,,= 1mV, V,, = 1.5 V. Mod = 0% 
Wide-Band AGC 


V,, Mod = 3 kHz peak deviation 380 = 


Ref. atV. =5mV,V_orV. =-10dB 
in in out 


5 


V5: Voq = 0 (Muted) 


: 
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5233/38, 


5458/63/74, 5604 


2-FUNCTION, 4-DIGIT 
VF AUTOMOTIVE CLOCKS 


These devices are 2-function digital automotive clock circuits 
SCL5604E fabricated on a single monolithic chip using CMOS technology. They 
feature low cost, low power, and high reliability. The six devices in this 


© ee eee series offer a variety of display and setting options and provide all of the 
an | “a: functions normally desired in a 4-digit automotive clock. 
St 2 
ie a All versions provide a push-button “time tone” setting that will zero 
i i a the minutes and seconds counters if the displayed time is within two 
ea | minutes of the hour. This feature allows the user to instantly set the 
= clock according to the time tone commonly provided on radio stations. 
| L. The display driver outputs will directly drive standard vacuum 
; i fluorescent displays. A dimmer input controls the display intensity by 
ms : varying the pulse width rather than by lowering the output voltage. This 
3 32 technique results in a more uniform display intensity. The rise and fail 
e times of the output drivers are optimized to reduce RF interference. 
All devices are supplied in a 40-pin dual in-line plastic package with 
29 0.600" (15.24 mm) row centers and are rated for continuous operation 
in over the automotive temperature range of -40°C to +85°C. Other 
CL packages are available on special order. 
FEATURES 
ee @ Push-Button “Time Tone” Setting 
PME @ Variable Pulse-Width Display Dimming 
O80: 00. LOGIC GNO @ 12- or 24-Hour Timekeeping Option 
8c. IN GROUND @ Rollover Protection on Minutes Set 
DIMWER Bat @ High Noise Immunity 
M@ Diode Protection on all Inputs 
NOTE: b1 = SEGMENT b, DIGH 1 | RFI/EMI Minimized 


Dwg, PC-002 


ABSOLUTE MAXIMUM RATINGS 


Logic Supply Current, 1.4 
Total Supply Current, |, 
Input Voltage Range (Ref. V..), 


Vin 0.5 VtoV,, +05 V 
Input Current, ly... eee +10 MA 
Package Power Dissipation, P,... 300 mW 
Operating Temperature Range, 

-40°C to +85°C 
Storage Temperature Range, 
-65°C to +150°C 


Caution: These CMOS devices have static pro- 
tection but are susceptible to damage if exposed 
to extremely high static electrical charges. 


Always order by complete part number, e.g. [SCL5233E : 
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3233/38, 5458/63/74, 5604 
2-FUNCTION, 4-DIGIT VF AUTOMOTIVE CLOCKS 


TYPICAL INPUT CIRCUITRY TYPICAL APPLICATION 


4.194304 MHz 
C= 12 pF, Ag $502 


SEGMENTS. 


’ 
’ 2 mTes 
1 

OR OVeg © [HOURS 


DEPENDING ON INPUT © S's GROUND 
0.001 pF 


Dwg. EP-C10-8 


Dwg, EC-003 


ELECTRICAL CHARACTERISTICS at T, = -40°C to +85°C, V.. = OV, 
in Typical Application (unless otherwise noted). 


voces ip a 
Min. Operating Voltage T, = +25°C Vv 
a 
Zener Voltage = O mA, T, = +25°C 6.9 Vv 
eee ee pe 


Switch Debounce Time 62.5 
=5.0V 


Segment Switching Time re 
Zener Temperature Coefficient = ee 


NOTE: Negative current is defined as coming out of (sourcing) the specified device terminal. 


5233/38, 5458/63/74, 5604 
2-FUNCTION, 4-DIGIT VF AUTOMOTIVE CLOCKS 


FUNCTIONAL DESCRIPTION 


Vo The positive supply. 

Ves The clock logic reference; 
current limiting is normally TRANSIENT 
required. CURRENT LIMITING 


GROUND Power ground. 


12/24 H A switch or hard wiring here 
controls the clock timebase: 
Open = 24 h, Low (V,,) =12 h. 
This function is not available 
in the SCL5604E and that 
device operates in the 12-hour 
mode only. 


DISPLAY 
DRIVERS 
(16.5 V) 


CLOCK 
LOGIC 
(6.9 V) 


$1 Pulling S1 Low (V,,) incre- 
ments the hours as shown 
in the table. 


$2 Pulling S2 Low (V,,) incre- 
ments the minutes as shown 
in the table. 


GROUND 


TYPICAL 


$3 Momentary switch for time 
tone, to start clock, and 
display command. This 
switch is required for the 
A5238EA, optional for all 
other devices. 


Clock 
Version $1 (Set Hours) $2 (Set Minutes) 
SCL5233E one increment ane increment optional ... 
per depression per depression, time tone and 
start clock display command* 
SCL5238E one increment one increment time tone, 
per depression per depression display command”, 
start clock 


Dwg. EC-002 


SCL5458E one increment one increment optional ... one second 
per depression per depression, time tone and flashing 
start clock display command* 
SCL5463E one increment one increment per optional ... one second 
per second while second while time tone and flashing 
depressed depressed, start clock display command* 


SCL5474E two increments two increments per optional ... 
SCL5604E per second while second while time tone and 
depressed depressed, start clock display command* 


* See IGNITION 
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5233/38, 5458/63/74, 5604 
2-FUNCTION, 4-DIGIT VF AUTOMOTIVE CLOCKS 


For all devices except the SCL5238E, the first depression of S2 
stops the clock and resets the seconds. Simultaneous depressions of 
S1 and S2 reset the clock to the 1:00:00 state; the clock restarts when 
S2 is released. With the SCL5238E, after the first depression of S2, if 
more than four seconds elapse between S1 or S2 depressions, the 
entire display flashes at a one-second rate to indicate that the clock has 
been reset. Simultaneous depressions of S1 and S2 reset the clock to 
the 1:00:00 state; the clock restarts when S3 is operated. 


If the clock is running and the time is within two minutes after the 
hour, depressing S3 causes seconds and minutes to reset, and the 
hour to remain the same. If the time is within two minutes before the 
hour, depressing S3 causes seconds and minutes to reset and the hour 
to increment by one. The clock resumes operation in the real time mode 
when S3 is released. Any operation outside the +2 minute window will 
not affect the clock. 


LAMP Controls display brightness in conjunction with 
IGNITION. 


IGNITION Controls display brightness in conjunction with 
LAMP. 


IGNITION LAMP Input 

Input 12 V (ON) Ground (OFF) 

12V 50% brightnessT, 100% brightness, 

(ON) dimmer enabled, dimmer disabled, 
$1. S2, S3 enabled $1, S2, S3 enabled 

Ground 50% brightnesst, display OFF, 

(OFF) 


display command enabled, display command enabled 
+ 25% for SCL5604E 


dimmer enabled 


With IGNITION at ground (OFF), a depression of S3 will turn ON 
the display for 4+1 seconds at 100% brightness. The time tone function 
is disabled when the IGNITION input is ground. 


FILAMENT The enable output for the VF display filament. If S3 is 
omitted, the discrete transistor can also be omitted if 
the display filament is connected directly to the 12 V 
supply through the accessory switch. 


SEGMENTS The output drives for the VF display segments. 


Dwg. OC-001-1 
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5233/38, 5458/63/74, 5604 
2-FUNCTION, 4-DIGIT VF AUTOMOTIVE CLOCKS 


COLON The output drive for the VF display colon. For the 
SCL5233E, SCL5238E, SCL5474E, and SCL5604E 
the colon is steady; for the SCL5458E and 
SCL5463E the colon is in a one-second flashing mode. 


DIMMER A voltage input to control the display brightness. This 
can be from a fixed (R,,) or light-dependent resistor 
divider, or a linear voltage control signal. 


PWM An RC network for controlling the display duty cycle 
(dimming). 


SEGMENT OUTPUT DRIVE 


|| 


512 Hz PWM VOLTAGE 


Vpim 


Dwg. WC-002 


Per Cent Duty Cycle (at T, = +25°C) 
RC = 0.9 ms RC = 1.72 ms 


370 kQ 
245 kQ. 
165 kQ2 
108 kQ2 
67 kQ 
35 kQ 
10.5 kQ2 


IN & OUT These are the oscillator connections for the external 
crystal and frequency adjustment. 


TEST This is a test point for adjustment of the crystal 
oscillator frequency. When properly aligned, the 
output at this terminal is a 128 Hz square-wave 
signal. 
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2-FUNCTION, 4-DIGIT VF AUTOMOTIVE CLOCKS 


Dwg. EC-004 


PIN DESIGNATIONS 


Pin SCL5604E = All Other Devices Pin SCL5604E = Ail Other Devices 


S2 PWM PWM 

$1 GROUND DIMMER 

$3 Ves OSC. IN 
IGNITION FILAMENT OSC. OUT 


NU Vop b4 


c4 
d4 
e4 
g4 
c3 


SO OND AER wWH + 


e3 
g3 
c2 
d2 
e2 


Coie ee ae aks 
oh OM + 


ge 


Vo cl NU 

OSC. OUT FILAMENT NU IGNITION 
OSC. IN Veg NU $3 
DIMMER GROUND S1 


aie ek? Sy at 
oMmnN D 


NO 
oO 


NU = tnternal connection, do not use. 
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SMOKE DETECTOR 


WITH INTERCONNECT AND TIMER 


TIMER START 


0 DETECT. IN 


LOW-V SET GUARD, 


TIMER OUT OSC. & see 
TIMING 
LEO OSC. CAP 
SUPPLY 
+SU Gri HORN» 
DRIVER 


TIMING RES. HORN 


Dwg. PC-004 


ABSOLUTE MAXIMUM RATINGS 


(Voltages are referenced to V,.) 


Supply Voltage Range, 


D 
Reverse Battery (10.5 V) 
Input Voltage Range, 

Vv 


IN 
Input Current, |, 
Operating Temperature Range, 


Storage Temperature Range, 
-55°C to +125°C 


CAUTION: CMOS devices have input static 
protection but are susceptible to damage when 
exposed to extremely high static electrical 
charges. 


The A5348CA is a low-current, CMOS circuit providing all of the 
required features for an ionization-type smoke detector. A networking 
capability allows as many as 125 units to be interconnected so that if 
any unit senses smoke, all units will sound an alarm. In addition, 
special features are incorporated to facilitate alignment and test of the 
finished smoke detector. This device is designed to comply with 
Underwriters Laboratories Specification UL217. 


The internal oscillator and timing circuitry keeps standby power to a 
minimum by powering down the device for 1.66 seconds and sensing 
smoke for only 10 ms. Every 24 on/off cycles, a check is made for low 
battery condition. By substituting other types of sensors, or a switch for 
the ionization detector, this very-low power device can be used in 
numerous other battery-operated safety/security applications. 


The A5348CA is supplied in a low-cost, 16-pin dual in-line plastic 
package. It is rated for continuous operation over the temperature 
range of 0°C to +50°C. 


FEATURES 


Interconnect Up to 125 Detectors 

Piezoelectric Horn Driver 

Guard Outputs for Detector Input 

Pulse Testing for Low Battery 

Power-ON Reset 

Internal Reverse Battery Protection 

Internal Timer & Control for Reduced Sensitivity 
Built-In Hysteresis Reduces False Triggering 


Always order by complete part number: | A5348CA 


3348 
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FUNCTIONAL BLOCK DIAGRAM AND TYPICAL APPLICATION 


+ SUPPLY Vonp 


FEEDBACK 


SENSITIVITY 
SET 


TIMING RES. 
(7) -- WAr-- 4V 
OSC, CAP. 


OSCILLATOR 
& TIMING 


- SUPPLY 


Owg. FC-001 
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5348 
SMOKE DETECTOR WITH INTERCONNECT AND TIMER 


ELECTRICAL CHARACTERISTICS at T, = +25°C, Vop = 9.0 V, Vis = OV, Cc. = 0.1 uF, 
= 8.2 MQ (unless otherwise noted). 


Test 
Characteristic Pin Test Conditions 


Supply Voltage Range bs ieee 1 Operating 


Detector Input Current [15 | 0 to 40% RH, V,,,=0 to 9.0 V 
Input Offset Voltage a Active Guard 


_ Active Guard 


" Detect Comparator 


Smoke Comparator 


Common Mode Range - Guard Amplifier 
10 Veg 


Active Guard Impedance 
Oscillator Period No Alarm 
aan aE —— 
a ee oe] 
et 
poe 


Oscillator Pulse Width 


Low Voitage Threshold 
Sensitivity Adj. Voltage 


After Pin 1 High-to-Low, No Smoke 8.0 10 12 min 


T, =0 to 50°C 7.2 _ 7.8 


V,4/Vpp: Pin 13 open circuit 48.5 50 51.5 %o 


Horn Output Voltage 10-11 = 16 mA, V,, = 9.0 V 
coer we ar 
pale mA, V5 = 9.0V 
=-16 MA, Vay =7.2V 


Horn Output ON Time 10-14 Aart 
Low Battery 


Horn Output OFF Time 10-11 Alarm 


Low Battery 


Timer Start Logic Levels { Vig 
V, = ‘ 
Timer Start Input Current Poot 2970 V 
NOTE 1: Negative current is defined as coming out of (sourcing) the specified device pin. Continued next page... 


NOTE 2: Alarm (Smoke) Condition is defined as V,, < V,,; No Alarm (No Smoke) Condition as V, > V 
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ELECTRICAL CHARACTERISTICS continued 


Test 
Pin 


LED Output ON Time 
LED Output OFF Time No Alarm. In Standby 


No Alarm, Timer Mode After Pin 1 
High-to-Low 


/O Current No Alarm, Vio = Yoo 


VO Alarm Voltage External “ aaa In 


Supply Current Vop = 9-0 V, No Alarm. No Loads 


Vop = 12 V, No Alarm, No Loads 


NOTE 1: Negative current is defined as coming out of (sourcing) the specified device pin 


NOTE 2: Alarm (Smoke) Condition is defined as Vi5 < Vi3: No Alarm (No Smoke} Condition as V5 > Vi: 


CIRCUIT DESCRIPTION 


The A5348CA is a low-current CMOS circuit providing all of the 
required features for an ionization-type smoke detector. 


Oscillator. An internal oscillator operates with a period of 1.67 sec- 
onds during no-smoke conditions. Every 1.67 seconds, internal power 
is applied to the entire circuit and a check is made for smoke. Every 24 
clock cycles (40 seconds), the LED is pulsed and a check is made for 
low battery by comparing V,,, to an internal reference. Since very-low 
currents are used in the device, the oscillator capacitor at pin 12 should 
be a low-leakage type (PTFE, polystyrene, or polypropylene). 


Detector Circuitry. When smoke is detected, the resistor divider 
network that sets the sensitivity (smoke trip point) is altered to increase 
the sensitivity set voitage (pin 13) by typically 130 mV with no external 
connections to pins 3 or 13. This provides hysteresis and reduces 
false triggering. An active guard is provided on both pins adjacent to 
the detector input (pin 15). The voltage at pins 14 and 16 will be within 
100 mV of the input. This will keep surface leakage currents to a 
minimum and provide a method of measuring the input voltage without 
loading the ionization chamber. The active guard amplifier is not power 
strobed and thus provides constant protection from surface leakage 
currents. The detector input has internal diode protection against static 
damage. 


Alarm Circuitry. If smoke is detected, the oscillator period changes to 


40 ms and the horn is enabled. The horn output is typically 160 ms 
ON, 80 ms OFF. During the OFF time, smoke is again checked and 
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will inhibit further alarm output if smoke is not 
sensed. During smoke conditions the low 
battery alarm is inhibited and the LED is 
driven at a 1 Hz rate. 


Sensitivity Adjust. The detector sensitivity 
to smoke is set internally by a voltage divider 
connected between V,,, and V,,. The sensi- 
tivity can be externally adjusted to the indi- 
vidual characteristics of the ionization cham- 
ber by connecting a resistor between pin 13 


and V,,,, or between pin 13 and Vg. 


Low Battery. The low battery threshold is set 
internally by a voltage divider connected 
between V,,, and V,,. The threshold can be 
increased by connecting a resistor between 
pin 3 and V,,,. The threshold can be de- 
creased by connecting a resistor between pin 
3 and V,,. The battery voltage level is 
checked every 40 seconds during the 10 mA, 
10 ms LED pulse. If an LED is not used, it 
should be replaced with an equivalent resistor 
(typically 500 Q to 1000 ©) such that the 
battery loading remains at 10 mA. 


Timer. An internal timer is provided that can 
be used in various configurations to allow for 
a period of reduced smoke detector sensitiv- 
ity. When a high-to-low transition occurs at 
pin 1, the internal timer is reset, the timer 
mode enabled, and the circuit reset to a no 
alarm condition. The LED will flash at a 10 
second rate. If the level of smoke is in- 
creased such that the reduced sensitivity jevel 
is reached, the device will go into the alarm 
condition. The timer, however, will continue 
to completion of the nominal 10-1/4 minute 
period (368 clock cycles). 


VO. A connection is provided at pin 2 to allow 
multiple smoke detectors to be commoned. {f 
any single unit detects smoke (I/O is driven 
high), all connected units will sound their 
associated horns after a nominal 3 second 
delay. The LED is suppressed when an 
alarm is signaled from an interconnected unit. 


Testing. On power up, all internal counters 
are reset. Internal test circuitry allows for low 
battery check by holding pins 8 and 12 low 
during power up, then reducing V,,,, and 
monitoring HORN, (pin 10). All functional 
tests can be accelerated by driving pin 12 
with a 2 kHz square wave. The 10 ms strobe 
period must be maintained for proper opera- 
tion of the comparator circuitry. 
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TYPICAL APPLICATION 


WN 


[pee uF 


Dwg. EC-005 


NOTE 1: Use an external resistor to adjust sensitivity for a particular smoke chamber. 
NOTE 2: Select resistor to reduce sensitivity during timer mode. 


NOTE 3: A resistor to ground or V,,,, may be added to this pin to modify low battery 
voltage threshold. 
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TIMING DIAGRAMS IN TYPICAL APPLICATION 


NON-TIMER MODE 


SAMPLE 
LOW BATTERY 
;ARNING 
HORN | HORN || | | | | 
—————— yf 
MOE vt SORE 
CHAMBER (NO SMOKE! 
ig. WC-01 


wi: Nebbansanahaaatad 
come | POU 


368 CLOCK CYCLES. 


a 


wMER 
NOTIFICATION 
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VO OPERATION 


REMOTE ALARM MODE 
40 me 1.678 
INTERNAL 
CLOCK 


HORN OFF 
ON 


V2 iN HORN NOT SELF COMPLETING 
VO WHEN IN REMOTE ONLY ALARM 


Dwg. WC-004 


5458/63/74, 


2604 


SCLS604E 


82 LAMP 


s 
i= 


si [2 a NU 

q - 
s3 [3 fax] Nu 
IGNITION [4 at] ct 


- 
mtn 


2M z 
ee Bs 
g 8 


© 
& 


4°, 


@ 
jG 

© 

% 


= 


Ea 
a 


aabat 


x 
2 


ad _ Yop (28! surpiy 
oa 7 M 
OSC. OUT 1 ¥og, ah tod 
Osc.N Ure ar ) aacune 


DIMMER © 20 i PwM 


NOTE: b* + SEGMENT pb. O'GIT 1 
Dwg. PC 002 


ABSOLUTE MAXIMUM RATINGS 


Logic Supply Current, Igo... 5... - -7.0 MA 
Total Supply Current, Ing 0... 20 mA 
input Voltage Range (Ref. V..), 
0.5 V to V,,+0.5V 
Input Current, fy +10 mA 
Package Power Dissipation, Po; _, 300 mW 
Operating Temperature Range, 
-40°C to +85°C 
Storage Temperature Range, 

PAD gb the Naot Aad -65°C to +150°C 


Caution: These CMOS devices have static pro- 
tection but are susceptible to damage if exposed 
to extremely high static electrical charges. 


2-FUNCTION, 4-DIGIT 
VF AUTOMOTIVE CLOCKS 


These devices are 2-function digital automotive clock circuits 
fabricated on a single monolithic chip using CMOS technology. They 
feature low cost, low power, and high reliability. The six devices in this 
series offer a variety of display and setting options and provide all of the 
functions normally desired in a 4-digit automotive clock. 


All versions provide a push-button “time tone” setting that will zero 
the minutes and seconds counters if the displayed time is within two 
minutes of the hour. This feature allows the user to instantly set the 
clock according to the time tone commonly provided on radio stations. 


The display driver outputs will directly drive standard vacuum 
fluorescent displays. A dimmer input controls the display intensity by 
varying the pulse width rather than by lowering the output voltage. This 
technique results in a more uniform display intensity. The rise and fall 
times of the output drivers are optimized to reduce RF interference. 


All devices are supplied in a 40-pin dual in-line plastic package with 
0.600" (15.24 mm) row centers and are rated for continuous operation 
over the automotive temperature range of -40°C to +85°C. Other 
packages are available on special order. 


Complete technical information on these devices is included with 
the SCL5233/38E. 


FEATURES 


Push-Button “Time Tone” Setting 
Variable Pulse-Width Display Dimming 
12- or 24-Hour Timekeeping Option 
Rollover Protection on Minutes Set 
High Noise Immunity 

Diode Protection on all Inputs 

RFI/EMI Minimized 


Always order by complete part number, e.g. |SCL5458E| . 


3615 ano 


20616 


2-FUNCTION, 4-DIGIT 


LCD AUTOMOTIVE CLOCKS—PROGRAMMABLE 


SCL5615HN/HW or 
SCL5616HN/HW 


BACKPLANE 


"2040 x 3040 im 


0.1201 


seLect |} 
GROUND Ff; 


IGNITION 
GROUND 


Owg. PC-001 


ABSOLUTE MAXIMUM RATINGS 


Supply Current, In 
Input Voltage Range, V,,, 
(except Vop) 
(Programming 
Power Voltage, V,5) 
input Current (except V,5); Iiny 
Power Dissipation, Py 
Operating Temperature Range, 
-40°C to +85°C 
Storage Temperature Range, 
-65°C to +150°C 


Caution: These CMOS devices have static 
protection, but are susceptible to damage if 


exposed to extremely high static electrical charges. 
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The SCL5615EP/HN/HW and SCL5616EP/HN/HW are 2-function 
digital automotive clock circuits. Fabricated on a single monolithic chip 
using silicon-gate CMOS PROM technology, they offer low cost, low 
power, and high reliability. Both circuits include digital frequency 
correction, stored in the internal nonvolatile memory, for easy adjust- 
ment of the oscillator nominal frequency. 


Both devices are supplied in chip (suffix ‘HN’) or wafer form (suffix 
‘HW’), or in 40-lead plastic chip carriers (suffix ‘EP’). They are rated 
for continuous operation over the automotive temperature range of 
-40°C to +85°C, 


FEATURES 


B Digital Tuning of Crystal Frequency 

@ PROM for Storing Frequency Correction Information 

@ 12 or 24 Hour Timekeeping Option (SCL5616EP/HN/HW only) 
@ Flashing Colon 

i Two Switches Control All Setting Functions 

@ High Noise Immunity 

Bi Internal Power-Up Reset Circuitry 

@ Internal Voltage Regulation 


Always order by complete part number: 


Function 
12 Hour mode 


40-Lead PLCC 
Dice in Waffle Pack 
Dice in Wafer Form 
40-Lead PLCC 
Dice in Waffle Pack 
Dice in Wafer Form 


SCL5616EP 12 or 24 Hour mode 
SCL5616HN 
SCL5616HW 
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TYPICAL APPLICATION 


4.194304 MHz 


SBME 96 245 pF, Re ='50 O 


eal uF 


IGNITION Ypp BACKPLANE 
+ MQ 


MINUTES 
O 


2 
2 SEGMENTS 


$1 
GROUNDS 
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SCL5615EP or SCL5616EP 


40 | BACKPLANE 


39 | PM 
M 

37 | adgel 
1 


= 


nl 


la 


= 


SELECT 


16 


Dwg. PC-003 


GROUND 
supety [17 | Vo, 
IGNITION [78 
NU F119 
PROGRAM [20 | Vpp 
nu [21 
GRouNo [22 
DATA [25 
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ELECTRICAL CHARACTERISTICS at T, = -40°C to +85°C, in Typical Application 
(unless otherwise noted). 


Limits 


Characteristic Symbol Test Conditions 
Operating Voltage Range Vop T, = 425°C 
Zener Voltage Vop lbp = 1.0 mA 


Segment Output Current | Vp = 5.0 V, Voyy = 4.8 V 
Von = 9-0 V, Voy = 0.2 V 
| Vpn = 5-0 V, Vour = 4-8 V 


Vop = 5-0 V, Vor = 0.2V 


osc 4.194 304 


Vop = Zener voltage 


AV = £100 mV 


Backplane Output Current 


LCD Drive Signal 


Input Current 


Oscillator Frequency 


Oscillator Starting Time 


Oscillator Stability 
Backplane Frequency 
Switch Debounce Time 


Osc. Feedback Resistance 


S| 


Osc. Input Capacitance osc! 


Osc. Output Capacitance osco 


Supply Current pp = 9-0 V 


P| OP s 
fe) 
oO 


NOTE: Negative current is defined as coming out of (sourcing) the specified device terminal. 


DISPLAY FORMAT 


al a2 a3 a4 
ne Re Ce RD 
AM bI 2 b2,_ £3 b3 t4 b4 
at g2 Cy a3 94 
K > < >. COLON ~< > < > 
> INV et ct ( \e ce L] e3 () e4 c4 
pe ey Cu C= > 
a d2 d3 d4 
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FUNCTIONAL DESCRIPTION 
DATA Logic Levels are V,,, and Ground 


Power-Up Reset. When power up occurs, the hours and minutes 
counters are reset, and the clock starts running: 


Device Operation 


SCL5615EP/HN/HW 24-Hour mode and counting starts from 0:00 
SCL5616EP/HN/HW 12-Hour mode and counting starts from 1:00 AM 


Programming Modes. Data is loaded by pulling DATA low (1 Ls pulse 
duration) n times to set the desired bits for frequency correction into the 
data input register. This information is latched in the RAM, thus 
allowing the testing of the oscillator frequency adjustment without 
storing the selected pattern in the PROM cells. The data latched in the 
RAM is stored in the PROM cells when DATA is held low for a mini- 
mum of 10 ms. 


The data stored in the data input register is cleared on any SELECT 
transition (low to high or high to low). It is also cleared when the 
program power voltage (V,,.) is reduced from 18 V to V,,. Clearing the 
data input register does not affect the data latched in the RAM. 


Program DATA SELECT 
Vv 


Operation 


Ss 


Pulse Ground DATA }oad for frequency correction 
Ground Von DATA store 


Vop Ground Verify stored data 


FREQUENCY CORRECTION 


han V a 


5615 aNnD 5616 
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Frequency Correction. The on-chip oscillator circuit increases the 
crystal frequency approximately 40 ppm. This ensures that the typical 
crystal will operate within the tuning range. With V, at ground, data 
pulses are then used to trim the internal clock frequency by 2 to 254 
ppm to the required value. The quantity of data pulses needed 
(1 to 127) is 

n= f,,- 64 
128 x 10° 


where f,, is the measured frequency at BACKPLANE. Prior to 
trimming, it must be between 64.000 128 Hz and 64.016 256 Hz. 


BP” 


Operating Modes. The operating modes of the clock are controlled 
by the voltages applied to V,,, SELECT, IGNITION, and switches S1 
and S2. 


Program SELECT 


$1 $2 IGNITION 


Open Open Xx Clock running 
DD Ground Ground 12V Diagnostic 
Ground Open Open X Programming 


X = Irrelevant, ground or 12 V 


Clock Running Mode. During the clock running mode, setting 
functions are achieved by either momentary or continuous operation 
of switches S1 and S2, which are enabled by IGNITION. Hours or 
minutes are incremented on $1 or S2 (respectively) depression and 
continue at a 1 Hz rate while the switch is depressed. 


$2 IGNITION Operation 


Open Open Xx Clock running 
X Xx Ground Setting disabled 


Ground Open 12V Set hours 

Open Ground 12V Set Minutes 

Ground Ground 12V Change counting sequence (12 to 24 hour 
or 24 to 12 hour; SCL5616EP/HN/HW only) 


X = Irrelevant, ground or 12 V for IGNITION, ground or open for S1 and S2 


Diagnostic Mode. To enter the diagnostic mode, $1 and S2 are 
operated with IGNITION connected to 12 V. All segments are 
displayed for as long as S1 and S2 are depressed. On opening S1 
and S2, the clock will leave the diagnostic mode and go through a 
power-up sequence. In the SCL5616EP/HN/HW, the counting 
sequence will change (from 12 hour to 24 hour or from 24 hour to 12 
hour). To inhibit the power-up reset, hold the DATA input low 
(ground). The counting mode will change without resetting the hours 
or minutes counters. The counting sequence is forced to 12 hour in 
the SCL5615EP/HN’HW. In that case, operation of S1 or S2 will not 
affect the counting sequence. 


5615 ann 5616 
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Stored Data Verification. in the verify mode, the complement value of | 
the information stored in the PROM cells is brought out directly to the 
segment output terminals for easy verification of the stored data. If a bit 

is programmed (high), the appropriate segment output is turned ON | 
(low). The segments represent the binary equivalent of the number of 
frequency correction data pulses entered. 


Frequency Selection Pulses 
Segment 


RECOMMENDED FLASH 
PROGRAMMING CHARACTERISTICS 
at T, = +25°C, Logie Levels are V,,, and Ground 
(except PROGRAM High) 
Characteristic 


PROGRAM High (18 V) to DATA Low 


DATA Low to DATA High toi 
DATA High to DATA Low toe 


DATA Store Pulse Duration two 
DATA High to PROGRAM Low 
PROGRAM Low to SELECT Change 


SELECT Low (Verify) to DATA Valid 


DATA Hold from End of Verify 
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SECTION 7. TECHNICAL DATA 
for Discrete Transistors, Diodes, and Arrays 


Quick Guide to Discrete D@VICES 0.0.0... ccceccccececccceceeesneeeeeeceneneeeeeetenneeeeetnseneneeesnsnaeees 7-1 
Discrete Semiconductors Index and Cross Reference ...............cccceceeeeeeeeeeeeeeeeneeeeeeneee 7-2 
Discrete Devices Ratings: 
NPN Bipolar TranSiStOrs ............csccccssescssstccssseessseuescenensessseceesacesssensesseeevsenens 7-15 
PNP' Bipolar: Transistors::: occ cxsieetsl cies bed des Rotter hictatewcee Wee Raw dacs 7-19 
N-Channel Junction Field-Effect Transistors .........0..ccecesseeeseeeneeeeeeeeenereeeeeees 7-21 
P-Channel Junction Field-Effect Transistors .............ccceececesseeeeeenerersenerenneees 7-27 
General-Purpose and Schottky Diodes... eee eeseeeeeeneeceseeeeentaeeseseetensee 7-29 
ZLENEl DIODES fctessucsueceassescke a ahhe liv seta cha gecutttiapcadcanasseaueu dsteats dentdcatuae dian radetavend 7-30 
Transistor and Diode ArrayS 200.0... cceeeeceeeeceecesseeeeeaeeecseaeeneeseeceeneeeseseeeseneeenseeesenees 7-33 
Chips-In-DIPs (CUStOM ArrayS) ......0...cceccecceeeeeece cee eeeeneeeecesesaueeeeeetaaaeeeeseuceseeeeeeesnneess 7-41 
See Also: 
High-Current Darlington Transistor ArrayS .....0.0...cccceeceseessseeeeeenenteeeeees Section 3 


Discrete and Integrated Circuit Semiconductor Chips ............... Brochure CN-193 


Series 1N 
Series 2N 


Series BA 
Series BC 
Series BF 
Series BZX84 


Series J 
Series MPS 
Series TH- 
Series TMPD 
Series TMPF 
Series TMPT 
Series TMPZ 


Series TND 


TND8000 


Series TP 


TPP4000 
Series TPQ 


QUICK GUIDE 


TO ALLEGRO DISCRETE DEVICES 


JEDEC-registered general-purpose and Zener diodes. See Series TMPD and TMPZ. 


JEDEC-registered general-purpose, small-signal, switching, and field-etfect transistors in 
TO-92/TO-226AA plastic packages. See also Series TMPF, TMPT, and TP. 


Pro-Electron registered diodes in SOT-23/TO-236AB surface-mount packages. 
Pro-Electron registered general-purpose transistors. 
Pro-Electron registered general-purpose, N-channel JFE1s in TO-92/TO-226AA plastic packages. 


Pro-Electron registered Zener diodes in SOT-23/TO-236AB surface-mount packages. Nominal voltage 
ratings from 3.9 volts to 56 volts are available. 


General-purpose, JFETs in TO-92/TO-226AA plastic packages. 

General-purpose transistors in TO-92/TO-226AA plastic packages; generally with E-B-C pinning. 
Discrete semiconductors in unpackaged, chip form. See Brochure CN-193 for additional information. 
General-purpose, Schottky. and dual diodes in SOT-23/TO-236AB surface-mount packages. 
General-purpose, JFETs in SOT-23/TO-236AB surface-mount packages. 

General-purpose, small-signal, and switching transistors in SOT-23/TO-236AB surface-mount packages. 
Zener diodes in SOT-23/TO-236AB surface-mount packages. Nominal voltage ratings from 4.3 volts to 
33 volts are available. Also temperature-compensated 6.2 V and 6.4 V Zener diodes with temperature 


coefficients to less than +128 uV/°C. 


Diode arrays in 14- or 16-pin dual in-line plastic packages. Eight isolated diodes or arrays of 8 to 15 
diodes in common-anode or common-cathode configurations are available . 


Three pairs of Schottky diodes in a 16-lead surface-mount package specifically for clamping 
three-phase brushless dc motors. 


General-purpose, small-signal, switching, and field-effect transistors in TO-92/TO-226AA plastic 
packages. Interchangeable with JEDEC-registered and industry-standard devices in TO-98/TO-226AD 
plastic packages. 

Four isolated NPN Darlington transistors in a 14-pin dual in-line plastic package. 


Four isolated transistors in 14-pin dual in-line plastic packages. Quad NPN, quad PNP, and dual 
complementary pairs are available. 


See also, high-current multiple Darlington arrays in Section 3. 
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DISCRETE 


SEMICONDUCTORS 


INDEX AND CROSS REFERENCE 


Industry Allegro Allegro Ratings 
Number Type Number(s) Package (Page) 


1N914 Diode TMPD914 TO-236AB 
1N4148 Diode TMPD4148 TO-236AB 
1N4150 Diode TMPD4150 TO-236AB 
1N4565 TC Zener TMP24565 TO-236AB 
1N4565A TC Zener TMPZ4565A TO-236AB 


1N4566 TC Zener TMPZ4566 TO-236AB 
1N4566A TC Zener TMPZ4566A TO-236AB 
1N4570 TC Zener TMP24570 TO-236AB 
1N4570A TC Zener TMPZ4570A TO-236AB 
1N4571 TC Zener TMP24571 TO-236AB 


1IN4571A TC Zener TMPZ4571A TO-236AB 
1N4575 TC Zener TMP2Z4575 TO-236AB 
1N4575A TC Zener TMPZ4575A TO-236AB 
1N4576 TC Zener TMPZ4576 TO-236AB 
1N4576A TC Zener TMPZ4576A TO-236AB 


1N5229 TMPZ5229 TO-236AB 
1N5230 TMP2Z5230 TO-236AB 
1N5231 TMPZ5231 TO-236AB 
1N5232 TMPZ5232 TO-236AB 
1N5233 TMPZ5233 TO-236AB 


1N5234 TMPZ5234 TO-236AB 
1N5235 TMPZ5235 TO-236AB 
1N5236 TMP2Z5236 TO-236AB 
1N5237 TMPZ5237 TO-236AB 
1N5238 TMP2Z5238 TO-236AB 


1N5239 TMPZ5239 TO-236AB 
1N5240 TMPZ5240 TO-236AB 
1N5241 TMPZ5241 TO-236AB 
1N5242 TMPZ5242 TO-236AB 
1N5243 TMPZ5243 TO-236AB 


All devices are available in unpackaged, chip form. See Brochure CN-193. 
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DISCRETE SEMICONDUCTORS 
INDEX AND CROSS REFERENCE 


1N5244 
1N5245 
1N5246 
1N5247 
1N5248 


1N5249 
1N5250 
1N5251 
1N5252 
1N5253 


1N5254 
1N5255 
1N5256 
1N5257 
1N5714 


2N918 


2N2221 


2N2222 


2N2369 
2N2907 


Industry 
Number Type 


2N2221A 


2N2222A 


Zener 


Zener 


Zener 
Zener 
zener 
Zener 

Schottky 


Allegro 
Number(s) 


TMPZ5244 
TMPZ5245 
TMPZ5246 
TMPZ5247 
TMPZ5248 


TMPZ5249 
TMPZ5250 
TMPZ5251 
TMPZ5252 
TMPZ5253 


TMPZ5254 
TMPZ5255 
TMPZ5256 
TMPZ5257 
TMPD5711 


TMPT918 
TP918 

TMPT2221 
TP2221 
TMPT2221A 
TP2221A 


TMPT2222 
TP2222 
TPQ2222 
TPQ6002 
TPQ6502 


TMPT2222A 
TP2222A 
TPQ2222A 
TPQ2369 


TMPT2907 
TP2907 
TPQ2907 
TPQ6002 
TPQ6502 


All devices are available in unpackaged, chip form. See Brochure CN-193. 


Allegro 
Package 


TO-236AB 
TO-236AB 
TO-236AB 
TO-236AB 
TO-236AB 


TO-236AB 
TO-236AB 
TO-236AB 
TO-236AB 
TO-236AB 


TOQ-236AB 
TO-236AB 
TO-236AB 
TO-236AB 
TO-236AB 


TOQ-236AB 
TO-226AA 
TO-236AB 
TO-226AA 
TO-236AB 
TO-226AA 


TO-236AB 
TO-226AA 
14-Pin DIP 
14-Pin DIP 
14-Pin DIP 


TO-236AB 
TO-226AA 
14-Pin DIP 
14-Pin DIP 


TO-236AB 
TO-226AA 
14-Pin DIP 
14-Pin DIP 
14-Pin DIP 


* Reversed pinning (E-B-C) available on special order—add suffix fetter ‘R’ to part number. 
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B 
E 


E 
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Quad Transistor Array 
Dual Complementary Pair 
Dual Complementary Pair 


Ct 


Cc 


Quad Transistor Array 
Quad Transistor Array 


Cc 


Quad Transistor Array 
Dual Complementary Pair 
Dual Complementary Pair 


Ratings 
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DISCRETE SEMICONDUCTORS 
INDEX AND CROSS REFERENCE 


Industry 
Number 


Allegro 
Number(s) 


Allegro 
Package 


Pinning Ratings 
1 2 3 (Page) 


2N2907A TMPT2807A TO-236AB 
TP2907A TO-226AA 
TPQ2907A 14-Pin DIP Quad Transistor Array 
2N3414 NPN 2N3414 TO-226AA E Cc B 
2N3415 | NPN | 2N3415 TO-226AA E Cc 
2N3416 NPN 2N3416 TO-226AA E Cc 
2N3417 NPN 2N3417 TO-226AA E Cc 
2N3819 N Channel 2N3819 TO-226AA D G 
TMPF3819 TO-236AB D Ss 
2N3820 P Channe TMPF3820 TO-236AB D S 
2N3820 TO-226AA D G 
2N3821 N Channe TMPF3821 TO-236AB D S 
TP3821 TO-226AA D Ss 
2N3822 N Channe TMPF3822 TO-236AB D Ss 
TP3822 TO-226AA D S 
2N3823 N Channe TMPF3823 TO-2364B D S 
TP3823 TO-226AA dD S 
2N3824 N Channe TMPF3824 TO-236AB D S 
TP3824 TO-226AA D Ss 
2N3904 2N3904 TO-226AA E B 
TMPT3904 TO-236AB B E 
TPQ3904 14-Pin DIP Quad Transistor Array 
TPQ6700 14-Pin DIP Dual Complementary Pair 
2N3906 2N3906 TO-226AA E B Cc 
TMPT3906 TO-236AB B E Cc* 
TPQ3906 14-Pin DIP Quad Transistor Array 
TPQ6700 14-Pin DIP Quad Transistor Array 
2N3993 P Channel TMPF3993 TO-236AB D S G 
TP3993 TO-226AA D S$ 
2N3994 P Channel TMPF3994 TO-236AB D S 
TP3994 TO-226AA D S 
2N4091 N Channel TMPF4091 TO-236AB D S 
TP4091 TO-226AA D Ss 
2N4092 N Channel TMPF4092 TO-236AB D S) 
TP4092 TO-226AA D S$ 


All devices are available in unpackaged, chip form. See Brochure CN-193. 


* Reversed pinning (E-B-C) available on special order—add suffix letter ‘R’ to part number. 
t Reversed pinning (S-G-D) available on special order—add suffix letter ‘R’ to part number 
+ Reversed pinning (S-D-G) available on special order—add suffix letter ‘R’ to part nuMber. 
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DISCRETE SEMICONDUCTORS 
INDEX AND CROSS REFERENCE 


Industry Allegro Allegro Pinning Ratings 
Number Number(s) Package 2 (Page) 


2N4093 N Channe TMPF4093 TO-236AB 
TP4093 TO-226AA 
2N4117 N Channe TMPF4117 TO-236AB 
TP4117 TO-226AA 


2N4118 N Channe TMPF4118 TO-236AB 
TP4118 TO-226AA 
2N4119 N Channe TMPF4119 TO-236AB 
TP4119 TO-226AA 
2N4220 N Channe TMPF4220 TO-236AB 
TP4220 TO-226AA 


2N4221 N Channe TMPF4221 TO-236AB 
TP4221 TO-226AA 
2N4222 N Channe TMPF4222 TO-236AB 
TP4222 [O-226AA 
2N4223 NC TMPF4223 TO-236AB 
TP4223 TO-226AA 


2N4224 TMPF4224 TO-236AB 
TP4224 TO-226AA 
2N4381 TMPF4381 TO-236AB 
TP4384 TO-226AA 
2N4391 TMPF4391 TO-236AB 
TP4391 TO-226AA 


2N4392 N Channe TMPF4392 TO-236AB 
TP4392 TO-226AA 
2N4393 N Channe TMPF4393 TO-236AB 
TP4393 TO-226AA 
2N4401 2N4401 TO-226AA 
TMPT4401 TO-236AB 


2N4402 2N4402 TO-226AA 
TMPT 4402 TO-236AB 
2N4403 2N4403 TO-226AA 
TMPT4403 TO-236AB 
2N4413 TP4413 TO-226AA 
2N4415 TP4415 TO-226AA 


omovvvojvnonvnVTvVvVOoO;9VovVV VV eJyovV,0 0 0"07/s90 00 0 


DO MODOMAIMNDAAHNAINANANHAINANAANADNIANAAANAANAHNIANAAAN 
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All devices are available in unpackaged, chip form. See Brochure CN-193. 


* Reversed pinning (E-B-C) available on special order—ade suffix fetter ‘R’ to part number 
+ Reversed pinning (S-D-G) available on special order—add suffix letter ‘R’ to part number 
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DISCRETE SEMICONDUCTORS 
INDEX AND CROSS REFERENCE 


Industry Allegro Allegro Pinning Ratings 
Number Type Number(s) Package 2 (Page) 


2N4416 N Channe TMPF4416 TO-236AB 
TP4416 TO-226AA 
2N4416A N Channe TMPF4416A TO-236AB 
TP4416A TO-226AA 
2N4424 NPN 2N4424 TO-226AA 


2N4856 N Channe TMPF4856 TO-236AB 
TP4856 TO-226AA 
2N4857 N Channe TMPF4857 TO-236AB 
TP4857 TO-226AA 
2N4858 N Channe TMPF4858 TO-236AB 
TP4858 TO-226AA 


2N4859 N Channe TMPF4859 TO-236AB 
TP4859 TO-226AA 
2N4860 N Channe TMPF4860 TO-236AB 
TP4860 TO-226AA 


2N4861 N Channe TMPF4861 TO-236AB 
TP4861 TO-226AA 
2N5086 PNP 2N5086 TO-226AA 
TMPT5086 TO-236AB 


2N5087 PNP 2N5087 TO-226AA 
TMPT5087 TO-236AB 
2N5088 NPN 2N5088 TO-226AA 
TMPT5088 TO-236AB 


2N5089 NPN 2N5089 TO-226AA 
TMPT5089 TO-236AB 
2N5163 N Channe! TMPF5163 TO-236AB 

TP5163 TO-226AA 
2N5172 NPN 2N5172 TO-226AA 


2N5245 N Channel TMPF5245 TO-236AB 
TP5245 TO-226AA 
2N5246 N Channel TMPF5246 TO-236AB 
TP5246 TO-2264A 
2N5247 N Channel TMPF5247 TO-236AB 
TP5247 TO-226AA 


All devices are available in unpackaged, chip form. See Brochure CN-193. 
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D 
D 
D 
D 
D 
D 
D 
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D 
D 
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D 
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B 
E 
B 
E 
B 
E 
B 
D 
D 
E 
D 
D 
D 
D 
D 
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* Reversed pinning (E-B-C) available on special order—add suffix letter ‘R’ to part number. 
+ Reversed pinning (S-D-G) available on special order—add suffix letter ‘R’ to part number 


DISCRETE SEMICONDUCTORS 
INDEX AND CROSS REFERENCE 


Industry Allegro Pinning Ratings 
Number Number(s) 2 (Page) 


2N5248 TMPF5248 TO-236AB 

TP5248 TO-226AA 
2N5307 2N5307 TO-226AA 
2N5308 2N5308 TO-226AA 


2N5358 Channe TMPF5358 TO-236AB 
TP5358 TO-226AA 
2N5359 Channe TMPFS359 TO-236AB 
TP5359 TO-226AA 


2N5360 Channe TMPF5360 TO-236AB 
TP5360 TO-226AA 
2N5361 Channe TMPF5361 TO-236AB 
TP5361 TO-226AA 
2N5362 Channe TMPF5362 TO-236AB 
TP5362 TO-226AA 


2N5363 Channe TMPF5363 TO-236AB 
TP5363 TO-226AA 
2N5364 Channe TMPF5364 TO-236AB 

TP5364 TO-226AA 
2N5376 NPN TP5376 TO-226AA 


2N5400 2N5400 TO-226AA 
2N5401 2N5401 TO-226AA 
TMPT5401 TO-236AB E 
TPQ5401 14-Pin DIP Quad Transistor Array 


2N5457 Channe 2N5457 TO-226AA 
TMPF5457 TO-236AB 
2N5458 Channe 2N5458 TO-226AA 
TMPF5458 TO-236AB 
2N5459 Channe 2N5459 TO-226AA 
TMPF5459 TO-236AB 
2N5460 Channe 2N5460 TO-226AA 
TMPF5460 TO-236AB 
2N5461 Channe 2N5461 TO-226AA 

TMPF5461 TO-236AB 


All devices are available in unpackaged, chip form. See Brochure CN-193. 
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* Reversed pinning (E-B-C) available on special order—add suffix letter ‘R’ to part number. 
+ Reversed pinning (S-D-G) available on special order—add suffix letter ‘R’ to part number. 
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DISCRETE SEMICONDUCTORS 
INDEX AND CROSS REFERENCE 


Allegro 
Number(s) 


Allegro 
Package 


Industry 
Number 


Pinning 
1 2 3 


Ratings 
(Page) 


2N5462 P Channel 2N5462 TO-226AA 
TMPF5462 TO-236AB 
2N5484 N Channel 2N5484 TO-226AA 


TMPF5484 TO-236AB 


NnNAINoaM Ww 


2N5485 Channe 2N5485 TO-226AA 

TMPF5485 TO-236AB 
2N5486 N Channe 2N5486 TO-226AA 

TMPF5486 TO-236AB S 
2N5638 Channe 2N5638 TO-226AA S 


TMPF5638 TO-236AB 


2N5639 Channe 2N5639 TO-226AA 
TMPF5639 TO-236AB 
2N5640 Channe 2N5640 TO-226AA 
TMPF5640 TO-236AB 
2N5653 Channe 2N5653 TO-226AA 
TMPF5653 TO-236AB 


2N5654 Channe 2N5654 TO-226AA 
TMPF5654 TO-236AB 

2N5668 Channe TMPF5668 TO-236AB 
TP5668 TO-226AA 

2N5669 Channe TMPF5S669 TO-236AB 
TP5669 TO-226AA 


2N5670 Channe TMPF5670 TO-236AB 
TP5670 TO-226AA 
2N5949 Channe TMPF5949 TO-236AB 
TP5949 TO-266AA 
2N5950 N Channe TMPFS950 TO-236AB 
TP5950 TO-226AA 


2N5951 Channe TMPF5951 TO-236AB 
TPS934 TO-226AA 
2N5952 N Channe TMPF5952 TO-236AB 
TP5952 TO-226AA 
2N5953 Channe TMPF5953 TO-236AB 


ANNAN NNINANNANAAVNANAIVNVADAAAHYNINNANNAAWNINH 


TP5353 


TO-226AA 


All devices are available in unpackaged. chip form. See Brochure CN-193 


+ Reversed pinning (S-D-G) available on special order—add suffix letter ‘R' to part number 
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DISCRETE SEMICONDUCTORS 
INDEX AND CROSS REFERENCE 


Industry Allegro Allegro Pinning 
Number Type Number(s) Package 1 2 3 (Page) 

2N6427 NPN 2N6427 TO-226AA | E B Cc 7-15 
TMPT6427 TO-236AB B E C* 7-18 
TPQ6427 14-Pin DIP Quad Transistor Array 7-38 

BAR18 Schottky BAR18 TO-236AB A NC K 7-29 

BAS16 Diode BAS16 TO-236AB A NC K 7-29 

BAS19 Diode BAS19 TO-236AB A NC K 7-29 

BAS21 Diode BAS21 TO-236AB A NC K 7-29 

BAV70 Dual Diode BAV70 TO-236AB Al A2 K 7-29 

BAV74 Dual Diode BAV74 TO-236AB Al Ae K 7-29 

BAV99 Dual Diode BAV99 TO-236AB Al K2 AK 7-29 

BAW56 Dual Diode BAW56 TO-236AB K4 K2 A 7-29 

BC264A N Channel TMPFBC264A TO-236AB D S G 7-25 

BC264B N Channel TMPFBC264B TQ-236AB D Ss G 7-25 

BC264C N Channel TMPFBC264C TO-236AB D S G 7-25 

BC264D N Channel TMPFBC264D TO-236AB D S G 7-25 

BCWe29 PNP BCW29 TO-236AB B E c* 7-20 

BCW30 PNP BCW30 TO-236AB B E c* 7-20 

BCWS31 NPN BCW31 TO-236AB B E Ct 7-17 

BCW32 NPN BCW32 TO-236AB B E c* 1aVh 

BCW33 NPN BCW33 TO-236AB B E C* 7-17 

BCW60A NPN BCW60A TO-236AB B E 

BCW60B NPN BCW60B [O-236AB B E 

BCW60C NPN BCW60C TO-236AB B E 

BCW60D NPN BCW60D TO-236AB B E 

BCW61A PNP BCW61A TO-236AB B E 

BCW61B PNP BCW61B TO-236AB B E 

BCW61C PNP BCW61C TO-236AB B & 

BCW61D PNP BCW61D TO-236AB B E 

BCW65A NPN BCW65A TO-236AB B E 

BCW65B NPN BCW65B TO-236AB B E 

BCW66F NPN BCW66F TO-236AB B E 

BCW66G NPN BCW66G TO-236AB B E 

BCW67A PNP BCW67A TO-236AB B E 

BCW67B PNP BCW67B TO-236AB B E 

BCW68F PNP BCW68F TO-236AB B E 


All devices are available in unpackaged. chip form. See Brochure CN-193. 


* Reversed pirning (E-B-C) available on special order—add suffix letter ‘R’ to part number. 


tg 


DISCRETE SEMICONDUCTORS 
INDEX AND CROSS REFERENCE 


Industry Allegro Pinning Ratings 
Number Number(s) 2 (Page) 


BCW68G BCW68G TO-236AB 
BCW69 BCW69 TO-236AB 
BCW70 BCW70 TO-236AB 
BCW71 BCW71 TO-236AB 
BCW72 BCW72 TO-236AB 


BCX17 BCX17 TO-236AB 
BCX18 BCX18 TO-236AB 
BCX19 BCX19 TO-236A 
BCX20 BCX20 TO-236A 
BCX70G BCX70G TO-236A 


BCX70H NPN BCX70H TO-236AB 
BCX70J NPN BCX70J TO-236AB 
BCX70K NPN BCX70K TO-236AB 
BCX71G PNP BCX71G TO-236AB 
BCX71H PNP BCX71H TO-236AB 


BCX71J PNP BCX71J TO-236AB 
BCX71K PNP BCX71K TO-236AB 
BF244A N Channel! BF244A TO-226AA 

TMPFBF244A TO-236AB 


BF244B N Channel BF244B TO-226AA 
TMPFBF244B TO-236AB 
BF244C N Channel BF244C TO-226AA 
TMPFBF244C TO-236AB 
BF246A N Channe BF246A TO-226AA 
TMPFBF246A TO-236AB 


BF246B N Channe BF246B TO-226AA 
TMPFBF246B TO-236AB 
BF246C N Channe BF246C TO-226AA 
TMPFBF246C TO-236AB 
BF256A N Channe BF256A TO-226AA 
TMPFBF256A TO-236AB 


BF256B N Channe BF256B TO-226AA 
TMPFBF256B TO-236AB 
BF256C N Channe BF256C ‘TO-226AA 

TMPFBF256C TO-236AB 


DVVVIVOVVOVOCJGVVVVCJVUVOATAOI/AWVWWWAWA\wnBDWOWIFInwwao®D 
YDDNADINANADADNINANDANAOA]VNOmMmMInrmMmmMmMmMIinmmMmminmmmomm 


All devices are available in unpackaged, chip form. See Brochure CN-193. 


* Reversed pinning (E-B-C) available on special order—add suffix fetter ‘R’ to part number. 
t Reversed pinning (S-G-D) available on specia! order—add suffix fetter ‘R’ to part number. 


DISCRETE SEMICONDUCTORS 
INDEX AND CROSS REFERENCE 


Industry Allegro Allegro aL Pinning Ratings 
Number Type Number(s) Package 1 2 3 (Page) 
BFR30 N Channel! BFR30 TO-226AA D S Gt 
BFR31 N Channel BFR31 TO-226AA D Ss Gt 
BZX84C4V7 Zener BZX84C4V7 TO-236AB A NC K 
BZX84C5V1 Zener BZX84C5V1 TO-236AB A NC K 
BZX84C5V6 iL Zener BZX84C5V6 TO-236AB A NC K 
BZX84C6V2 Zener BZx84C6Vv2 TO-236AB A NC K 
BZX84C6V8 Zener BZX84C6V8 TO-236AB A NC K 
BZX84C7V5 zener BZX84C7V5 TO-236AB A NC K 
BZX84C8V2 Zener BZxX84C8V2 TO-236AB A NC K 
BZX84C9V1 Zener BZX84C9V1 TO-236AB A NC K 
BZX84C10 Zener BZX84C10 TO-236AB A NC K 
BZX84C11 Zener BZX84C11 TO-236AB A NC K 
BZX84C12 Zener BZX84C12 TO-236AB A NC K 
BZX84C13 Zener BZX84C13 TO-236AB A NC K 
BZX84C15 Zener BZX84C15 TO-236AB A K 
> a 

BZX84C16 Zener BZX84C16 TO-236AB A NC K 
BZX84C18 Zener BZX84C18 TC-236AB A NC K 
BZX84C20 Zener BZX84C20 TO-236AB A NC K 
BZX84C22 Zener BZX84C22 TO-236AB A NC K 
BZX84C24 Zener BZX84624 TO-236AB A NC K 
BZX84C27 Zener BZX84C27 TOQ-236AB A NC K 
BZX84C30 Zener BZX84C30 TO-236AB A NC K 
BZX84C33 Zener BZX84C33 TO-236AB A NC K 
Ji N Channe J111 TO-226AA D S Gt 
TMPFJ111 TO-236AB D S G 

Channe J112 TO-226AA D S 

TMPFJ112 TO-236AB D S 

Channe J112A TO-226AA D S 

TMPFJ112A TO-236AB D S 

Channe J113 TO-226AA D Ss 

TMPFJ113 TO-236AB D Ss 

Channe J113A TO-226AA D Ss 

TMPFJ113A TO-236AB D S) 

Channel J174 TO-226AA D G 

TMPFJ174 TO-236AB D S 

Channe J175 TO-226AA D G 

TMPFJ175 TO-236AB D Ss 


All devices are available in unpackaged, chip form. See Brochure CN-193. 


+ Reversed pinning (S-G-D) available on special order—add suffix letter ‘R’ to part number. 
+ Reversed pinning (S-D-G) available on special order-—add suffix letter 'R’ to part number. 


DISCRETE SEMICONDUCTORS 
INDEX AND CROSS REFERENCE 


Industry Allegro Allegro Pinning Ratings 

Number Type Number(s) Package 1 2 3 (Page) 

P Channe J176 TO-226AA D G St 7-27 

TMPFJ176 TO-236AB D S G 7-28 

P Channel J177 TO-226AA D G St 7-27 

TMPFJ177 TO-236AB D S G 7-28 

N Channe J201 TO-226AA D S$ G 7-22 

TMPFJ201 TO-236AB D iS) G 7-26 
Channe J202 TO-226AA D Ss G 
TMPFJ202 TO-236AB D $ G 
Channe J203 TO-226AA D S G 
TMPFJ203 TO-236AB D Ss G 
Channe J230 TO-226AA D S$ G 
TMPFJ230 TO-236AB D S G 
Channe J231 TO-226AA D $ G 
TMPFJ231 TO-2M36AB D iS) G 
Channe J232 TO-226AA D S G 
TMPFJ232 TO-236AB D 3 G 
Channe! J304 TO-226AA D Ss G 
TMPFJ304 TO-236AB D Ss G 
Channe J305 TO-226AA D S Gt 
TMPFJ305 TO-236AB D S G 
Channe TMPFJ308 TO-236AB D Ss G 
TPJ308 TO-226AA D Ss Gt 
Channe TMPFJ309 TO-236AB D S G 
TPJ309 TO-226AA D S) Gt 
J310 N Channe TMPFJ310 TO-236AB 7 D Ss. G 
TPJ310 TO-226AA D S Gt 
MPS6520 NPN MPS6520 TO-226AA E B C 
MPS6521 NPN MPS6521 TO-226AA E B Cc 
MPSA05 NPN MPSA05 TO-226AA E B Cc 
TMPTAQS5 TO-236AB B E c* 
TPQA05 14-Pin DIP 2 Quad Transistor Array 
MPSAO06 NPN MPSA06 TO-226AA E B Cc 
TMPTAO6 TO-236AB B E C* 
TPQA06 14-Pin DIP Quad Transistor Array 
MPSA14 NPN MPSA14 TO-226AA E B Cc 
TMPTA14 TO-236AB B E C* 


All devices are available in unpackaged, chip form. See Brochure CN-193. 


* Reversed pinning (E-B-C) available on special order—add suffix letter 'R’ to part number. 


t Reversed pinning (S-G-D) available on special order—add suffix letter ‘R' to part number. 


+ Reversed pinning (S-D-G) available on special order—add suffix letter °R’ to part number. 
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DISCRETE SEMICONDUCTORS 
INDEX AND CROSS REFERENCE 


Industry Allegro Pinning Ratings 
Number Number(s) (Page) 


MPSA42 MPSA42 TO-226AA 

TMPTA42 TO-236AB 
MPSA43 MPSA43 TO-226AA 
TMPTA43 TO-236AB 


MPSA55 MPSA55 TO-226AA 
TMPTAS5 TO-236AB 
TPQA55 14-Pin DIP Quad Transistor Array 
MPSA56 MPSAS56 TO-226AA B Cc 
TMPTAS6 TO-236AB B E c* 
TPQA56 14-Pin DIP Quad Transistor Array 


MPSA70 PNP MPSA70 TO-226AA 
TMPTA70 TO-236AB 
TMPD... Diode Various TO-236AB 
TMPD6916 Schottky TMPD6916 TO-236AB 


Schottky TMPD6919 TO-236AB 

Schottky TMPD6924 TO-236AB 
JFET See 2N... TO-236AB Various 
JFET See BC... TO-236AB Various 
JPET See BC... FO-236AB Various 


JFET See J... TO-236AB Various See J... 

JFET See U... TO-236AB Various See U... 
Transistor See 2N... TO-236AB Various See 2N... 
Transistor See MPSA... TO-236AB Various See MPSA... 

Zener See IN... TO-236AB Various See 1N... 


TND... Array TND... 14 or 16-Pin DIP 6-to-15 Diode Array 
TND8000 Schottky TND8000 16-Lead SOIC 6-Diode Array 
TR: Transistor See 2N... TO-226AA Various 
TPBC... Transistor See BC... TO-226AA Various 
TRU: JFET See J... TO-226AA Various 


All devices are available in unpackaged, chip form. See Brochure CN-193 


* Reversed pinning (E-B-C) available on special order—add suffix letter ‘R’ to part number 
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DISCRETE SEMICONDUCTORS 
INDEX AND CROSS REFERENCE 


Industry Ailegro Allegro Pinning Ratings 
Number Number(s) Package 1 2 3 (Page 


TPP4000 TPP4000 14-Pin DIP Quad Darlington Array 

TPQ... TPQ... 14-Pin DIP Quad Darlington Array 

TPU... See U... TO-226AA Various 

U304 P Channel TMPFU304 TO-236AB S G 
TPU304 TO-226AA 


P Channel TMPFU305 TO-236AB 

TPU305 TO-226AA 
P Channe TMPFU306 TO-236AB 
TPU306 TO-226AA 
N Channe TMPFU308 TO-236AB 


TPU308 TO-226AA 
N Channe TMPFU309 TO-236AB 
TPU309 TO-226AA 
N Channe TMPFU310 TO-236AB 
TPU310 TO-226AA 


N Channe TMPFU1897 TO-236AB 
TPU1897 TO-226AA 
N Channe TMPFU1898 TO-236AB 
TPU1898 TO-226AA 
N Channel TMPFU1899 TO-236AB 
TPU1899 TO-226AA 


gpuvoveoOToOV-oyvovVV0 o;0 00 00/0 O 
ANNNAAVNINAANAANAIVHAAADNNIN 


All devices are available in unpackaged, chip form. See Brochure CN-193 


+ Reversed pinning {S-D-G) available on special order—add suffix letter ‘R’ to part number. 


*2N’ and ‘TP’ DEVICE TYPES 
ELECTRICAL CHARACTERISTICS at T 4 = 25°C 


Device 


Type 


NOTES: 1) 
2) 
3) 
4) 
9) 


Vierjeso Viaayceo Viemeso 
(ma) (vy) | ) 


Maximum at typical JEDEC conditions. 
HA. 

Viamces! loess as applicable. 

mA. 


V emeen at R = 102. 


iBR)CER 


FE @|\, 
Min. Max. (mA) 


@ V,,. |Max. 


(Vv) 


(Vv) 


TO-92/TO-226AA 


@|, 
(mA) | (MHz) (mA) 


C,,' 
(pF) 


t,’ | NF? 
(ns) | (4B) 


NPN TRANSISTORS 
TO-92/TO-226AA 


‘MPS’ DEVICE TYPES 
ELECTRICAL CHARACTERISTICS at T, = 25°C 


veryceo | Verjceo| Viereso re @l, @Vee in, @Ik, 
(V) (V) in. - (mA) (VY) (MHz) (mA) 


MPSA42 
MPSA43 


NOTES: 1) Maximum at typical JEDEC conditions 
2) pA. 
3) Viamces! cess &S applicable. 
4) mA. 
5} Vigacan at R = 100. 


oo ‘\ $OT-23/TO-236AB 


KR 
. ye 
KE ; 


ELECTRICAL CHARACTERISTICS at T, = 25°C 


= ye aie are 
| loge Tbe Current Gain Necisa oa {. 


i “i | 
Device Viericeo} Viariceo| Vienjeso |Max. @V.g] h, hb, @IL@V,,| Max. @ I, | Ming @I, | ©," | t,' | NF’] Pinning 
Type [| (Vv) (Vv) (V) (nA) (V) | Min. Max. (mA) (V) (V) (mA) | (MHz) (mA) rales se 1,2,3 
BCW31 DI 30 20 5.0 100 20 leas 220 20 50] 0.25 10 | -— _ eae = 10 BEC* 
BCW22 D2 30 20 5.0 100) «20 | 200 450 2.0 5.0] 0.25 10 — _— 4.0 | — 10 BEC" 
BCW33 D3 30 20 5.0 1060 20 | 420 800 20 5.0] 0.25 10 — _ 40 ,— 10 BEC* 
BCWE60A AA 323 32 5.0 20 32 120 220 20 50] 035 10 25 10 45 | —- 6.0} BEC* 


BCW60B AB 32° se _| 5.0 20 32 180 310 20 50) 035 10 25 10 45 4— 6.0 BEC’ 
es_| oe | oe & [os ea ae 


BCW60C AC aes 32 5.0 20 x2 | 250 460 20 50 | 0.35 10 125 10 45 | — 6.0] BEC* 


BCW60D AD 32? 32 5.0 20 32 | 380 630 20 50 | 035 10 25 10 45 | — 6.0] BEC* 
BCW65A EA 60° 32 5.0 20 32 100 250 100 10{— — 100 20 120. = 10 BEC* 
BCW65B =B 60° 32 5.0 20 32 160 400 100 10} — — 00 20 12 | |= 10 BEC* 
BCW66F EF 75' | 45 5.0 20 as | 100 250 100 1.0 20 1 A Us 10 BEC* 


a 
BCW66G E 75 45 5.0 20 45 160 400 100 1.0 
BCW71 K1 50 45 5.0 100 20 TIO 220 2 Se 
BCW72 K2 50 45 5.0 100 20 | 200 450 2.0 5.0 


0.25 10 _— = 4.0 | — 10 BEC* 
0.25 10 — —_ 4.0 | — 10 BEC* 


BCX19 J 503 45 5.0 100 20 100 600 100 1. | 0.62 500 —_ — 5.0 [— | — BEC* 
BCX20 U2 30% 25 5.0 100 20 600 100 1.0 | 0.62 500 | _— _ el co it 
BCX70G AG 45° 45 5.0 20 45 220 0.35 10 125 10 45 | — 6.0 
BCX70H 5.0 20 45 310 0.35 10 ‘ , 

2 


BCX70J Ad 45° 45 5.0 
BCX70K AK 45° 45 5.0 
TMPT918 3.0 


460 0.35 10 
0.35 10 


0.4 10 


TMPT2221 
TMPT2221A 
TMPT2222 
TMPT2222A 


NOTES: * Reversed pinning (E-B-C) available on speciai order—add suffix letter ‘R’ to part number. Continued next page... 


Maximum at typical JEDEC conditions. 


) 
2) A. 
3) Vienjces/lces AS applicable. 
4) mA. 
5) V, at R = 10, 


IBRJSER 


NPN TRANSISTORS 
SOT-23/TO-236AB 


ELECTRICAL CHARACTERISTICS continued 


Vea DC Current Gain Vegas f, 


Device Visacao |¥ ericeo |Venjeno | Max.@ Veg | Ope Nee @1, @ Vee t.’ | NF'| Pinning 

Type Marking | (V) (V) {V) (nA) (V) | Min. Max. (mA) (V) (ns) | (dB)| 1, 2,3 
TMPT3904 60 | 40 6.0 50 30 100 300 10 1.0] 0.2 10 300 10 4.0 | 200} 5.0 
TMPT4401 60 40 6.0 100 30 100 300 150 10] 04 150 250 20 6.5 | 225) — 
TMPT5088 35 30 — 50 20 300 900 01 50]05 10 — = 4.0 | — 3.0 
TMPT5089 30 25 _— 50 15 400 1200 0.1 50|05 10 _— — 40 | — 2.0 
TMPT6427 40 40 12 50 30 10k 100k 10 50] 1.2 50 130 10 7 _ 10 
TMPTAQS 60 60 4.0 100 60 50 — 100 1.0 | 0.25 100 100 10 com _ — BEC" 
TMPTAO6 80 80 40 100 80 50 — 100 1.0 | 0.25 100 100 10 — ij~-]- BEC* 
TMPTA14 30° = 10 400 30 20k — 100 50} 1.5 100 125 10 = = aa BEC’ 
TMPTA42 300 | 300 6.0 100 200 | 40 — 30 610 05 20 50 10 3.0 | — aa BEC* 
TMPTA43 200 | 200 6.0 100 160} 40 — 30 10 |} 05 20 50 10 40 }/—~—- |— BEC* 


NOTES: * Reversed pinning (E-B-C) available on special order—add suffix letter 'R’ to part number. 
Maximum at typical JEDEC conditions. 


) 
2) pA. 
3) Vances' lees: @8 applicable 
4) mA. 
5) Vv. at R = 100 


RICER 
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PNP TRANSISTORS 


TO-92/TO-226AA 


‘JN’ and ‘TP’ DEVICE TYPES 125 
ELECTRICAL CHARACTERISTICS at T, = 25°C 


Vv 


Device ‘arjceo| V. 


(Vv) 


Visricao 


(V) 


Type 


(Vv) | (nA) 


h 


FE 


. Max. 


@l, 


(mA) (V) 


DC Current Gain MV eeieai 
| 


@ Voe 


Max. 
(Vv) 


| Min, @1, 
(MHz) (mA) 


) 

) pA 

3) Visuices/lczs: @8 applicable. 
) 
) 


mA. 
V at R = 10. 


iBRICER 


Maximum at typical JEDEC conditions. 


300 
300 
300 
150 


150 
150 
10 
150 
150 


10 
10 
1.0 
2.0 
2.0 
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\ 


\. Sg SOT-23/TO-236AB 


Vv, 


CE{sat) 


h,, @lo @Vg,-|Max. @1, | Min. @1, Pinning 


Device Viercao Vierceo Viereno FE 


Type (Vv) (V) (V) |(nA) (VY) in. Max. (mA) (V) (mA) | (MHz) (mA) 1,2,3 


TMPT3906 
TMPT4402 


TMPT4403 
TMPT5086, 


NOTES: * Reversed pinning (E-B-C) available on special order—add suffix letter “R’ to part number. 


1) Maximum at typical JEDEC conditions. 3) Vieaices/lecg, AS applicable OV seceq AR = 10Q. 


2) uA. 4)mA. 


7-20 


ELECTRICAL CHARACTERISTICS at T, = 25°C ce 


Device 
Type 


FP4119 
TP4220 
TP4221 
TP4222 
FP4223 


TP5247 
TP5248 
TP5358 
TP5S359 
TPS360 


NOTES: 


css Limits Conditions 


Max. @ Vi, 
(nA) {¥) 


on 


) 
20 
20 
20 
ze) 


t Reversed pinning (S-G-D) available on special order—add suffix letter R’ to part number. Continued next page... 
+ Reversed pinning (S-D-G) available on special order—add suffix letter ‘R’ to part number. 

4) Vas =OV. 3) Vos =0V, Vos in volts. 5) 1, =5.0 mA 7) ly = 500 WA. 

2) Ip in wa. 4) 1,= 10 mA. 6) | = 1.0 mA. 8) 1, = 200 HA. 
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N-CHANNEL JFETs 
TO-92/TO-226AA 


ELECTRICAL CHARACTERISTICS continued 


Min. @l, Min. Max. Ib Max. @ Vos Min. Max. @ Vos Max. @ Vog 
(V) (HA) (Vv) (V) (nA) (mA) (V) | (mS) (mS) (¥) | (PF) (V) 


TP5951 
TP5952 


TP5953 
BF244A 
BF244B 


BF244C 
BF246A 
BF246B 
BF246C 
BF256A 


NOTES: t Reversed pinning (S-G-D) available on special order—add suffix letter ‘R’ to part number. Continued next page... 
+ Reversed pinning (S-D-G) available on special order—add suffix letter ‘R’ to part number. 
§ Reversed pinning (G-S-D) available on special order—add suffix Jetter ‘R' to part number. 


1) Veg = OV. 5) 1, =5.0 mA. 
2) Ip in pA. 6) Ip = 1.0 mA. 
3) Vos =O0V, Ves in voits. 7) Ip = 500 pA. 
4) Ip = 10 mA. 8) |, = 200 pA. 
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N-CHANNEL JFETs 
TO-92/TO-226AA 


ELECTRICAL CHARACTERISTICS ee 


| Meson | 


Min. Max. Vos Max. @Vog Min. Max. @ Vo. 
{V) (vy) (VY) (Vv) (na) (mA) (VY) | (mS) (mS) (Vv) 


TPU309 
TPU310 
TPU1897 
TPU1898 
TPU1899 


NOTES: t Reversed pinning (S-G-D) available on special order—add suffix letter ‘R' to part number. 
$ Reversed pinning (S-D-G) available on special order—-add suffix fetter ‘R’ to part number. 
§ Reversed pinning (G-S-D) available on special order—add suffix letter ‘R’ to part number. 


1) Vgg 2 OV. 5) |= 5.0 mA. 
2) Ip in pA. 6) |, = 1.0 mA. 
3} Vyg=0V, Vag in volts, 7) | = S00 pA. 
4) 1, = 10 mA. 8) |, = 200 pA. 
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TMPF3819 
TMPF3821 
TMPF3822 
TMPF3823 
TMPF3824 


TMPF4091 
TMPF4092 
TMPF4093 
TMPF4117 
TMPF4118 


TMPF4119 
TMPF4220 
TMPF4221 
TMPF4222 
TMPF4223 


TMPF4224 
TMPF4391 
TMPF4392 
TMPF4393 
TMPF4416 


TMPF4416, 
TMPF4856 
TMPF4857 
TMPF4858 
TMPF4859 


TMPF4860 
TMPF4861 
TMPF5163 
TMPF5245 
TMPF5246 


TMPF5247 
TMPF5248 
TMPF5358 
TMPFS359 
TMPF5360 


NOTES: 
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Min. Max. 
(Vv) 


Vos 1p 


(Vv) (nA) 


ie) 
Ae) 
AY “1.0 
0 
-1.0 
0 
0 
0 
0 
0 
-1.0 
“1.0 
0 
0 
) 
ie) 
0 
1) Vag = 0 V. 
2) Ip in BA. 
3) Vos =OQV, Vos in volts. 
4) 1, = 10 pA 
5) 1, = 5.0 pA. 
6) 1, = 1.0 mA 
7) 1, = 500 HA 
8) 1, = 200 pA 


Continued next page... 


N-CHANNEL JFETs 
SOT-23/TO-236AB 


ELECTRICAL CHARACTERISTICS continued 


| Mose | 


its 
Max. in. A in. : ps| Max. 
nn (oa) (pF) 


TMPF5361 
TMPF5362 
TMPF5363 
TMPF5364 
TMPF5457 


TMPF5458 
TMPF5459 
TMPF5484 
TMPF5485 
TMPF5486 


TMPF5638 
TMPF5639 
TMPF5640 
TMPF5653 
TMPF5654 


TMPF5668 
TMPFS669 
TMPF5670 
TMPF5949 
TMPFS950 


TMPF5951 
TMPF5952 
TMPF5953 
TMPFBC264A 
TMPFBC264B 


TMPFBC264C 
TMPFBC264D 
TMPFBF244A 
TMPFBF244B 
TMPFBF244C 


TMPFBF246A 
TMPFBF246B 
TMPFBF246C 
TMPFBF256A 
TMPFBF256B 


TMPFBF256C, 
TMPFJ111 
TMPFJ112 
TMPFJ112A 
TMPFJ113 


Hana 


aaaanlandwaa 


Or Gr or or Gr] a 
aaa a 


aaa ora 


Continued next page... 


D 
3) Vig = OV, Vg in volts. 
[= 10 uA, 
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N-CHANNEL JFETs 
SOT-23/TO-236AB 


ELECTRICAL CHARACTERISTICS continued 


[  Mosem | 


Device @, A Max. Max. @ Vos Min. Max. @ Vag Max. @ Vos Max. @ Vog 
Type (pA) (na) (mA) (mA) (¥) | (mS) (mS) (V) (pF) (Vv) | (PF) (Y) 


TMPFJ113A 
TMPFJ201 
TMPFU202 
TMPFJ203 
TMPFJ230 


TMPFJ231 
TMPFUJ232 
TMPFJ304 
TMPFJ305 
TMPFJ308 


TMPFJ309 
TMPFJ310 
TMPFU308 
TMPFU309 
TMPFU310 


TMPFU1897 
TMPFU1898 
TMPFU1899 


NOTES: 


Vpg = 9 V, Vg in volts. 
4) |, = 10 HA 

5) |, = 5.0 yA 

6) 1,= 1.0 mA 

7) ty = 500 WA 

8) |) = 200 HA 
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TO-92/TO-226AA 


ELECTRICAL CHARACTERISTICS at T, = 25°C 


Device 
Type 


2N3820 
TP3993 
TP3994 
TP4381 


2N5460 


2N5461 
2N5462 
J174 
J175 
J176 


Min. Max. 
(Vv) (¥) 


+ Reversed pinning (S-G-D) available on special order—add suffix letter ‘R’ to part number. 
+ Reversed pinning (S-D-G) available on special order—add suffix letter ‘R’ to part number. 
1) Veg = OV. 

2) I, in pA. 

3) Vog =O, Ves in volts. 

4) Vag = 1.0 V. 


ELECTRICAL CHARACTERISTICS at T, 


Device 
Type 


TMPF3820 
TMPF3993 
TMPF3994 
TMPF4381 


TMPF5460 


TMPF5461 
TMPF5462 
TMPFJ174 
TMPFJ175 
TMPFJ176 


TMPFJ177 
TMPFU304 
TMPFU305 
TMPFU306 


NOTES: 1 


~m 


£2 kes 


£ 
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Ves 


lp 
Vo 


Veg 


(BR)GSS 


=OV. 
in pA. 

5 = OV, Ve. 
=1.0V. 


g in volts. 


[  Mosiom | 


— 8.0 


= 25°C 


Y 


SOT-23/TO-236AB 


io A 


NY 


*‘TMPD’ GENERAL-PURPOSE DIODES WE 
ELECTRICAL CHARACTERISTICS at T, = 25°C 2 


Device 
Type Description 


TMPD914 General-Purpose 
TMPD4148 General-Purpose 
TMPD4150 General-Purpose 


“TMPD’ SCHOTTKY DIODES 
ELECTRICAL CHARACTERISTICS at T, = 25°C 


Device in. 6 = |, =10mA 
Type (mA) 
TMPD5711 
TMPD6916 
TMPD6919 
TMPD6924 


PRO-ELECTRON DEVICE TYPES 
ELECTRICAL CHARACTERISTICS at T, = 25°C 


BR 
no Min 
Bt 
Schottky D76 
General-Purpose A6 
General-Purpose Ag 
General-Purpose A82 
Common Cathode A4 oe 
JA 
A7 be 
Al 70 


Common Cathode 
Dual In-Series 
Common Anode 


4.0 
4.0 
4.0 


SOT-23/TO-236AB 


Max. | Pinning 
(pF) | 1,2,3 


6.0 | ANCK 
40 | ANCK 
25 ANC K 


ZENER DIODES 


< \\ SOT-23/TO-236AB 


“TMP2Z’ ZENER DIODES 
ELECTRICAL CHARACTERISTICS at T, = 25°C 


Device in. Nom. Max. @l,, Max. Z,, Pinning 
Type (V) (Vv) (mA) {£2) 1,2,3 
TMPZ5229 4.3 4.52 
TMPZ5230 47 4.94 
TMPZ5231 5.1 5.36 
TMPZ5232 5.6 5.88 
TMPZ5233 6.0 6.30 


TMPZ5234 
TMPZ5235 
TMPZ5236 
TMPZ5237 
TMPZ5238 


TMPZ5239 
TMPZ5240 
TMPZ5241 
TMPZ5242 
TMPZ5243 


TMPZ5244 
TMPZ5245 
TMPZ5246 
TMPZ5247 
TMPZ5248 


TMPZ5249 
TMPZ5250 
TMPZ5251 
TMPZ5252 
TMPZ5253 


TMPZ5254 
TMPZ5455 
TMPZ5256 
TMP2Z5257 


ZENER DIODES 
SOT-23/TO-236AB 


‘BZX84’ ZENER DIODES 
ELECTRICAL CHARACTERISTICS at T, = 25°C 


Zener Voltage Leakage Current Zener Impedance 
Device in. E : Max.Z,, @I, Pinning 
Type 


(Q) (mA) 1,2,3 
B2ZX84C4V7 Z1 
BZX84C5V1 Z2 
BZX84C5V6 Z3 
BZX84C6V2 Z4 
BZX84C6V8 ZS 


BZX84C7V5 Z6 
BZX84C8V2 27 
BZX84C9V1 Z8 
BZX84C10 Z9 
BZX84C11 v1 


BZX84C12 Y2 
BZX84C13 Y¥3 
BZX84C15 v4 
BZX84C16 Y5 
BZX84C18 Y6 


BZx84C20 
BZxX84C22 
BZX84C24 
BZxX84C27 
BZX84C30 
BZX84C33 
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ZENER DIODES 
SOT-23/TO-236AB 


“TMPZ’? TEMPERATURE-COMPENSATED ZENER DIODES 


ELECTRICAL CHARACTERISTICS at T, = 25°C 


Temp. 
Device ‘ ‘ Coefficient 
Type (+ppm/'C) 


AV, 
Max. 
(¢mv/°C) 


TMPZ4565 
TMPZ4565A 
TMPZ4566 
TMPZ4566A 


TMP2Z4570 
TMPZ4570A 
TMPZ4571 
TMPZ4571A 


TMP2Z4575 
TMPZ4575A 
TMP24576 
TMP24576A 


0.64 
0.64 
0.32 
0.32 


7-32 


Test 
Temperature 
(°C) 


0/4+25/ +475 
-55/+25/ +100 

0/+25/+75 
-55/ +25 / +100 


0/+25/4+75 
-55/ +25 / +100 

0/4+25/+75 
“55 / +25 / +100 


0/+25/+75 
-55 / +25 / +100 

0/ +25 / +75 
-55 / +25 / +100 


Pinning 
1,2,3 


TND9SI8 


TND933 
TND940 


DIODE ARRAYS 


The TND series consists of diode arrays packaged in 14-pin and 
16-pin dual in-line plastic packages for easy automatic insertion and 
better printed circuit board density. 


In addition to the diode characteristics for standard products 
shown here, arrays consisting of diodes with 1N3070, 1N3595, 
4N3600, 1N4153, or 1N4447 characteristics can be furnished on 
request. Other package configurations are available on special order. 


Dwg. No. A-13,360 Dwg. No. A-10.901 Dwg. No, A-13.361 
TND938 TND905 TND942 
INDS39 


ELECTRICAL CHARACTERISTICS at T, = +25°C 


Device 
Type 


TND903 


TND905 
TND907 
TND908 
TND918 
TND921 


* All diodes match to with +15 mV atl. = 10 mA. 


Device 
Type 
TND933 
TND938 
TND9339 
TND940 
TND942 


TND8000 | 


Dwg. PD-001 


ABSOLUTE MAXIMUM RATINGS 
at T, = +25°C 


Forward Current, |, . 
Reverse Voltage, V,, 
Package Power Dissipation, 


Operating Temperature Range, 

Teta des sasene eaten tsar -40°C to +125°C 
Storage Temperature Range, 
sei taes Aosiaibog th stein -65°C to +150°C 


A’ 


Ts, 
*Derate linearly to 0 W at T, = +150°C. 


SCHOTTKY DIODE ARRAY 


Schottky barrier diodes combine high rectification efficiency with 
high switching speeds and low series resistance. The six-diode 
TND8000 array is designed specifically for clamping applications with 
three-phase brushless dc motor drivers. It is supplied in a surface- 
mountable 16-lead small-outline integrated circuit (SOIC) plastic pack- 
age for use over the operating temperature range of -40°C to +125°C. 


FEATURES 


@ High Forward Conductance 
400 mV Typical at 100 mA 

@ 500 mA Forward Current 

@ 15 V Reverse Voltage 


BENEFITS 


@ Ideal for Disk and Tape Drives Using a 5 V or 12 V Supply 
@ Low Voltage Drop to Critical Low Supply Voltage Applications 
@ Reduced Part Count Results in Lower Insertion Cost 

and Increased Reliability 


TYPICAL APPLICATION 


Voo 


= Dwg. ED-001 


TND8000 
SCHOTTKY DIODE ARRAY 


ELECTRICAL CHARACTERISTICS at T, = +25°C (unless otherwise specified). 


Min. Typ. Max. 


Characteristic Symbol 


Reverse Breakdown Voltage 
Reverse Leakage Current 


Test Conditions 
|, = 200 pA 


Forward Voltage |, = 100 mA 
Junction Capacitance C, V,=0V,f=1MHz 
Reverse Recovery Time t I. =l, = 100 mA 


TYPICAL CHARACTERISTICS 


FORWARD VOLTAGE REVERSE CURRENT 
vs FORWARD CURRENT vs TEMPERATURE 
10k 7 7 r a ~- 
: 4 
= c 
load = 
Zz Zz 
ud ls 
a oe 
we x 
2 =| 
ra) re) 
a did 
a n 
$ 
(eg > 
° oe 
0.01 tt. a) 
0.0 0.2 0.4 0.6 0.8 1.0 -75 -5S0 —-25 ie} 25 50 75 100 125 150 
FORWARD VOLTAGE in VOLTS AMBIENT TEMPERATURE in °C 
JUNCTION CAPACITANCE REVERSE RECOVERY TIME 
vs REVERSE VOLTAGE vs REVERSE CURRENT 
1000 = 100 TT] 
lu = E tT ae é t ‘ 
$00 — = 5 i 
ly a= 25°C | | y i 
2 200 + F ry 
is > 60} ane 
S) w an 
= 100 : 3 | 
S : &% 40 “4 
Zz 50 + z x | 
ral i i WY 
3 T_T i © 20[--—— 4 \ 
S 20 + $+ + t ral ri 
= { : iva H : 
10 L ae L_ ue no fe) L 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 SO 1000 
REVERSE VOLTAGE in VOLTS REVERSE CURRENT in mA 
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TPP4000 


MEDIUM-POWER 
DARLINGTON ARRAY 


This medium-power array consists of four Darlington pairs ina 
single 14-pin dual in-line plastic package. Features include a collector- 
current rating of 4 A, a minimum h,, of 2000, and a package power 
dissipation rating of 2 W. 


The standard molded dual in-line package is identical to the type 
used for many integrated circuits. It offers superior mechanical protec- 
tion for circuit elements during automatic insertion into printed wiring 
boards. 


Dwg. No. A-10,782A 


ABSOLUTE MAXIMUM RATINGS 


Collector Current, |, 
Power Dissipation, 
P,, (total package) 
Operating Temperature Range, 
-55°C to +150°C 


Storage Temperature Range, 
-65°C to +150°C 


* Derate at the rate of 16 mW/°C above T, = +25°C 
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TPP4000 
DARLINGTON ARRAY 


ELECTRICAL CHARACTERISTICS at T, = +25°C 


Characteristic 


Collector-Emitter 
Breakdown Voltage 


Collector-Base 
Breakdown Voltage 


Emitter-Base 
Breakdown Voltage 


Base-Emitter 
Saturation Voltage 


Static Forward 
Current- Transfer Ratio 
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SERIES TPQ 


ABSOLUTE MAXIMUM RATINGS 


Power Dissipation, P,, 
(Each Transistor) 
(Total Package) 
Operating Temperature Range, 
-55°C to +150°C 


Storage Temperature Range, 
-65°C to +150°C 


* Derate at the rate of 16 mW/°C above 
T, = +25°C 


QUAD TRANSISTOR ARRAYS 


Series TPQ quad transistor arrays are general-purpose silicon 
transistor arrays consisting of four independent devices. 


All of these devices are furnished in a 14-pin dual in-line plastic 
package. The molded package is identical to that used with most 
consumer integrated circuits and offers superior mechanical protection 
during insertion into printed wiring boards. 


Dwg. No. A-10,050A Dwg. No. A-10,0514 
TPQ2222 TPQ2222A TPQ2907 TPQ2907A 
TPQ2369 TPQ6427 TPQ5401 TPQ3906 
TPQ3904 TPQA0G TPQA56 TPQAS5 


TPQAOS 


Dwg. No. A-10.052A Dwg. No. A-10,053A 


TPQ6002 TPQ6502 
TPQ6700 


SERIES TPQ 
QUAD TRANSISTOR ARRAYS 


ELECTRICAL CHARACTERISTICS at T, = +25°C 


DC ‘eons Gain | Saturation Voltage 
lego 
Part Viarjceo | Yaryceo|“arjeso| Max @ V 
Number (V) (V) (Vv) {(nA) 


@k a i jax. 
(mA) ra (mA) | (pF) 
Four NPN Devices 


TPQ2222 40 50 50 78 
100 

30 

TPQ2222A 75 40 50 50 75 
100 

30 


Similar 
Discrete 
Devices 


NOTE: 1. Base-emitter voltage shown is V 
2. Ioeg at Vog = 50 V, Vae = 
3. Iogg at Voy = 60 V, Ve = 0 


at indicated I, Vo, = 5.0 V. 


BE(ON) 
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SERIES TPQ 
QUAD TRANSISTOR ARRAYS 


ELECTRICAL CHARACTERISTICS at T, = +25°C 


DC Current Gain 


Saturation Voltage 


Similar 
Discrete 
Devices 


(mA) 


150 2N2907 
300 
150 2N2907A 
3 
60 
5 
1 


200 50 re 
200 50 

‘00 
200 10 2N3906 
10 100 10 2N5401 

50 

50 0 -5.0 : 
-4.0 | 100 (Note 5)} 50 10 -10])-025 — 100 15 MPSA55 

50 00 = -2.0 
-4.0 | 100 (Note 6)} 50 10 -10 7-025 — 100 _ _ 15 MPSA56 
50 | 100 -2.0 

150 2N2222 
300 and 
2N2907 
150 2N2222 
300 and 
2N2907 
10 : 2N3904 
and 
2N3906 


(MHz) (mA) 


TPQ2907A all 
TPQ3906 


-5.0 100 (Note 4)} 50 


10 -5.0 


NOTE: 4. loge at Vey, = 120 V. Vig. = 0. 
5. logs At Veg = 50 V. Veg = 0. 


6. logs At Veg = 80 V, Vag = 0. 


CES 


7. Complimentary pairs. Polarity shown is for NPN devices. 
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CHIPS-IN-DIPS 


Ow. No. A-70,0534 


MAXIMUM RATINGS 


Package Power Dissipation, P, ...... 2 W* 
Operating Temperature Range, 
-55°C to +150°C 


Storage Temperature Range, 
E Pik, siesbactr Ee brte Wahine Roettna -65°C to +150°C 


* Derate at the rate of 16 MWC above T, = +25°C 


CUSTOM-ARRAY PROGRAM 


The Chips-in-DiPs program uses discrete semiconductor chips 
from a comprehensive line of standard devices to create transistor, 
diode, and Darlington arrays assembled to users’ specifications. 


The program provides extensive special-design capabilities for 
applications with design restrictions such as short lead time, small 
quantities. and unique circuit requirements. Chips-In-DIPs is an attrac- 
tive alternative to development of monolithic integrated circuits and 
commitment to high-volume purchases. 


Assembly of discrete devices in dual in-line packages allows 
relatively higher power dissipation while reducing handling and boost- 
ing component density. The standard molded DIP, the package most 
commonly used for automated circuit assembly. offers superior 
mechanical protection of components during automatic insertion 
into printed wiring boards. 


Series TPQ transistor arrays, Series TND diode arrays, and 
Series TPP Darlington arrays are among standard products offered 
by the Chips-In-DIPs program. Semiconductor chips available for 
custom-array products include those described in the most recent 
issue of Brochure CN-193. 


Dwg. No. A-11.562A 


Dwg. No. A-11.420A 
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RELIABILITY 


BACKGROUND INFORMATION 


CMOS, bipolar, and BiMOS integrated circuits exhibit the same 
reliability characteristics as other electronic devices in that the failure 
rate has three distinct phases: 


1) Within a relatively short time after manufacture, certain failure 
mechanisms appear under moderate levels of stress. The failure 
during this period is termed “infant mortality.” 


2) After the period of infant mortality, failure rate falls dramatically 
and, for a long period, only infrequent random failures occur. 


3) Finally, device packages can actually wear out and the failure 
rate will increase again. 


When the failure rate for electronic components is plotted as a 
function of time, the result is a characteristic bathtub curve. While the 
bathtub shape is universal throughout the industry, actual values for a 
single component type can vary greatly from one manufacturer to 
another. Through many years of experience in the manufacture of 
integrated circuits, design rules and processing techniques have been 
developed to: 


1) Minimize the infant mortality failure mechanisms. 
2) Detect potential failures before they reach the customer. 


3) Control wear-out so that operating iife far exceeds the lifetime 
required by the customer. 


RELIABILITY LIFE CYCLE 
TYPICAL CURVE 


INFANT 
MORTALITY WEAROUT 
PERIOD 


FAILURE RATE ———» 


USEFUL LIFE PERIOD 
RANDOM FAILURE MECHANISMS 


TIME aes 
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QUALITY ASSURANCE 


FLOW CHART 


QUALITY ASSURANCE 


CHEMICALS, GASES, HARDWARE 


QA IN-PROCESS 


WAFERS. PROCUREMENT REVIEW QA IN-PROCESS AUDIT 
RAW MATERIALS VENDOR CONTROL AUDIT S.E.M. INSPECTION 
MASKS INCOMING INSP. ae 


RELIABILITY ENGINEERING 
DESIGN INTRODUCTION 
(SEM) EVALUATION, 
QUALIFICATION 


NEW PRODUCT DESIGNS 
AND CURRENT DESIGNS, 
NEW-CURRENT PROCESSES, 
NEW MATERIALS 


QA 
TOLLGATE 
INSP. 


WAFER 


FABRICATION METAPEATES 


PRODUCT ASSURANCE 
DOCUMEMTATION CENTER 
PRODUCT-PROCESS 
AND PROCUREMENT SPECS. 


DOCUMENTATION OF: 
CHEMICALS, HARDWARE 
GASES, MASKS 
PROCESSES, DESIGNS, ETC. 


HYREL HERMETIC PKG. STANDARD 


MIL-STD-883 
METHOD 5004 
SCREENING 


STABILIZATION BAKE 


TEMP. CYCLE 
CENTRIFUGE 
GROSS LEAK, FINELEAK 


STABILIZATION BAKE 


TEMP. CYCLE 
CENTRIFUGE QA AUDIT 
GROSS LEAK, FINE LEAK 


100% 
ELECTRICAL TEST 


MARKING QA AUDIT 


QUALIFICATION | 
OF CONFORMANCE 


QUAL. CONFORMANCE 


INSP., MIL-STD-883 
METHOD 5005 


MIL-STD-883 
METHOD 5005 


QA AUDIT 


QA 
VISUAL/MECH 


TOLLGATE 


SHIP STOCK 
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QUALITY ASSURANCE 


FLOW CHART 


100% VISUAL 
INSPECTION 


SCRIBE 
SORT 


QA IN PROCESS 
AUDIT 


QA 
DIE VISUAL 
GATE 


QA 
PRE-CAP 
TOLLGATE 


100% VISUAL 
PRE-CAP 
INSP. 


DIE ATTACH 
WIRE BOND 


PLASTIC PKG. STABILIZATION BAKE 


100% 
OPEN/SHORT 


ELECTRICAL 
QA ALOIT 


100% 
ELECTRICAL TEST 


100% 
LEAD SCAN 


HIGH-TEMP 


QAAUDIT TEST 


MARKING 


QAR 
ACCEPTANCE 
INSPECTION 


Se ee ee ee ee 


RELIABILITY 
AUDIT 


HIGH TEMP. + BIAS 
HIGH TEMP. + HUMIDITY + BIAS 
AUTOCLAVE 
TEMP. CYCLING 
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PROBABILITY OF FAILURE 


8-4 


PROBABILITY OF FAILURE 
AS A FUNCTION OF TIME 


DOUBLE DEUCE 
J 


INFANT 
MORTALITIES 
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RELIABILITY 


‘DOUBLE DEUCE’ 
BURN-IN PROGRAM FOR ICs 


The expense of device failure is more than the time and money 
spent locating and replacing a defective integrated circuit. The total cost 
can include the price ot assembly rework, system downtime, service 
calls, warranty claims and lost customer goodwill. 


Costs of $25 for each in-house failure and $250 for each field failure 
are not uncommon. At a relatively low cost, the “Double-Deuce” screen- 
ing program removes marginal devices before shipment. Improved 
customer satisfaction with performance and reliability is an immeasur- 
able but certain bonus of the program. 


“Double-Deuce” screening is done during the last stage of produc- 
tion. Because the screening is done by the manufacturer, only qualified 
devices are received by the user. 


QUALITY AND RELIABILITY 


Quality and reliability are terms that are often used interchangeably. 
Quality implies reliability, but a product's merit should always be defined 
by both. 


Quality is the extent to which a device conforms to specifications 
when it is shipped to the user. Quality is verified by testing. Inspections 
at every step of production ensure the devices meet demanding stan- 
dards for workmanship and materials. 


inspections of integrated circuits under the “Double-Deuce” 
program have been made even more stringent to secure a higher level 
of quality. 


Reliability is the measure of an integrated circuit's ability to meet 
specifications over time. Reliability is a product of design and process 
control. Accelerated-life tests provide the manufacturer and user with 
an indication of the reliability of a device. Normally, a small number of 
integrated circuits exhibit signs of early failure or infant mortality. This 
Statistic, taken from the steepest part of the IC lifetime probability curve, 
is often used to project time-to-failure for integrated circuits. Because 
the “Double-Deuce” program eliminates early failures, devices delivered 
after the screening process have a higher degree of reliability. 


OUTLINE OF THE ‘DOUBLE-DEUCE’ PROCESS 


The “Double-Deuce” burn-in program uses high stress levels to 
accelerate the failure mechanisms associated with infant mortality. 
These normally occur within the first few hours of user application. 


‘DOUBLE DEUCE’ BURN-IN PROGRAM FOR ICs 


WAFER 
FABRICATION 


WAFER 
FABRICATION 


COMMERCIAL 
PRODUCT 
100% 
PROBE 


PACKAGE 
ASSEMBLY 


DOUBLE-DEUCE 
PROGRAM 
HIGH-TEMPERATURE 
BAKE 


MILITARY PRODUCT 
PROCESSING 


STANDARD PRODUCT 
PROCESSING 


25°C O-C B 


25 C O-C & 


FUNCTIONAL TESTS 
cz 


FUNCTIONAL TESTS 
rz 


BRAND 


BRAND | 


TEMPERATURE 
CYCLE 


ee 
BURN-IN 


70 C D-C & 


FUNCTIONAL TESTS 


TOLLGATE 
ACCEPTANCE 


INSP. 


SHIP. 


TOLLGATE 


ACCEPTANCE 
INSP. 


SHIP 


Dwg. No. A-11.418A 


Although typically less than 1 percent of a lot will be rejected, user 
confidence in lot integrity is greatly improved. The screening program is 
designed to eliminate the following failure modes: 


Stress Failure Mode 
High Temp. Bake Contamination 
Temp. Cycling Package-Related 
Burn-in Process-Related 


High Temp. Testing Electrical Degradation 


The majority of early integrated circuit failures (infant mortality or 
ionic contamination) can be attributed to manufacturing defects, pack- 
age or assembly defects, or final test escapes. The “Double-Deuce” 
program is designed to eliminate weaker parts, reduce or eliminate user 
shipment inspection, assembly rework, system checkout, and warranty 
returns. 


TEST PROCEDURES 


The “Double-Deuce” burn-in program includes five test procedures: 


1, HIGH-TEMPERATURE BAKE 


This is a process designed to stabilize electrical drift and to acceler- 
ate chemical degradation such as surface contamination. It is a four- 
hour bake at +175°C without electrical stress (similar to MIL-STD-883, 
Method 1008). 


2. TEMPERATURE CYCLING 


This is a screening process designed to mechanically stress the 
integrated circuit by alternately heating and cooling it. Potential failures 
are seal or bond failure, cracked packages or chips. 


The process has 10 cycles with 10 minutes of dwell at -65°C and 
10 minutes of dwell at +150°C (air to air), with a maximum transfer 
time of five minutes (MIL-STD-883, Method 1010, Condition C). At 
manufacturer's option, this process may be changed to thermal shock 
(liquid to liquid) for 10 cycles, five minutes at 0°C and five minutes at 
+100°C with a transfer lime of 10 seconds (MIL-STD-883, Method 
1011, Condition A). 


3. BURN-IN 


The burn-in, or accelerated-life test, is performed to screen out 
marginal devices, those with inherent defects, or defects resulting 
from manufacturing deviations that can cause time-dependent or 
stress-dependent failures. Without this conditioning, marginal circuits 
that initially meet ali specifications could exhibit early lifetime failures 
under normal operating conditions. The test is conducted for 96 hours 
at a junction temperature of +150°C under electrical stress conditions 
(similar to MILSTD-883, Method 1015) such as: 


Type of Device 


Bipolar Interface 
Linear Devices 
?7L and MOS Logic 


Electrical Stress 


Steady-State Reverse Bias 
Steady-State Forward Bias 
Clocked 
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+150°C) are equivalent to 525 hours at T, 
+125°C for ionic contamination (E,= 1.0 eV) 
or for 192 hours at T, = +125°C for infant 
mortality defects (E, = 0.4 eV). 


4. HIGH TEMPERATURE TEST 


Every device is subjected to complete 
electrical tests at +70°C for function and dc 
parameters (similar to MIL-STD-883, Methods 
3001 through 3014 and 4001 through 4007, 
as applicable). Relaxed +25°C limits or 
published high-temperature limits, are used 
to remove devices with circuit anomalies such 
as beta mismatch, high leakage current, and 
intermittent bonds, which may only affect the 
circuit at higher temperatures. 


5. OUTGOING QUALITY CONTROL 
INSPECTION 


A “Double-Deuce” product is inspected 
to an outgoing sampling plan that guarantees 
the product will meet an acceptable quality 
level of 0.10%. 


HOW TO ORDER DEVICES IN 
‘DOUBLE-DEUCE’ PROGRAM 


Devices processed in the “Double-Deuce” 


burn-in program are specified by adding the 
suffix "BU" to the end of the part number. For 
example, to order UDN2981A with this 
processing, specify UDN2981ABU: to order 
UDN6118A-1, specify UDN6118A-1BU. 
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TYPICAL BiMOS DRIVER BURN-IN 


TOV 


Se ee ery 


GROUND 


f 
Hl 
1 
Hl 
Hl 
It 
| 
‘ 
1 
1 
Hl 
| 
fl 
t 
H 


COMMON MOS CONTROL TYPICAL MOS LATCH TYPICAL BIPOLAR DRIVER 
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DEVICES CURRENTLY AVAILABLE 
ULN2064B UCN5800A 
ULN20698 UCN5801A 
UDN5810A 
UCN5821A 
UDN6118A 


UDN2595A 
UDN2981A 
UDN2983A 


Unlisted devices may be processed In the “Double-Deuce” burn-in program 
if order size is sufficient. 


MILITARY 


SCREENING FLOWS 


MIL-M 38510 (1) DESC/SMDP DRAWING (2, 3) 883 COMPLIANT (2, 3) 


Wafer Fabrication, DESC Certified 


Wafer Probe 


Die Inspection, MIL-STD-883, Method 2010 
Die Bond 


Wire Bond 


Internal Visual, MIL-STO-883, Method 2010 


Package Seal 


Stabilization Bake, MIL-STD-883, Method 1008 


Temperature Cycle, MIL-STD-883, Method 1010 


Constant Acceleration, MIL-STD-883, Method 2001 


Fine Seal, MIL-STD-883, Method 1014 


Gross Seal, MIL-STD-883, Method 1014 


Qc External Visual, 
MIL-STD-883, Method 2009 


Interim Electrical Test, MIL-STD-883, Method 5005, +25°C 


Burn-in Screen, MIL-STD-883, Method 1015 


Static Electrical, MIL-STD-883, Method 5005, +25°C, PDA = 5% 


Static Electrical, MIL-STD-883, Metnod 5005, +125°C 


Static Electrical, MIL-STD-883, Method 5005, -55°C 


Dynamic and Functional Electrical, MIL-STD-883, Method 5005 


Additional Tests as Specified in the Applicable Drawing 1. Ali MIL-M-38510 processing is performed in domestic 
(USA) facilities certified by the Defense Electronics 


? : ly Center (DESC). 
Quality Conformance Inspection, MIL-STD-883, Method 5005, Class B SURE oe ete } 
72: All high-retiability manufacturing processes are 
monitored by the Quality Control Department 


External Visual Inspection, MIL-STD-883, Method 2009 through gating operations at regular and periodic audits. 
Bs pescrsmpe/ Drawing and 883 Compliant devices 
Shipment may include some offshore processing. 


i 


MILITARY SCREENING FLOWS 


QUALITY CONFORMANCE 


The Quality and Reliability Department performs all quality conform- 
ance inspection tests required by MIL-STD-883, Methods 5005 and 
5010. The data from these tests is on file. 


GROUP B TESTING 


Package-related testing is performed in accordance with the 
alternate Group B inspection procedure for Class 8 product per 
MIL-STD-883, Method 5005, once per date code, package type, 


and lead finish. 
Test MIL-STD-883 Method 
Physical Dimensions 2016 


1 : 
2 Resistance to Solvents 

[ 4 Internal Visual/Mechanical 2014 
Bond Strength 


Fine and Gross Leak 1014 


GROUP C TESTING 


Die-related tests are performed once every 13 weeks per 


generic group. 
MIL-STD-883 Method 


Subgroup Test 


2 Temperature Cycle 
Constant Acceleration 
Fine and Gross Leak 
External Visual 
End-Point Electrical Parameters 


MILITARY SCREENING FLOWS 


GROUP D TESTING 
Package-related tests performed once every 26 weeks per package 


type, pin count, and lead finish. 
Subgroup MIL-STD-883 Method 


Physical Dimensions 2016 
2 Lead Integrity 2004 
Fine and Gross Leak 1014 


3 Thermal Shock 1011 
Temperature Cycle 1010 
Moisture Resistance 1004 
Fine and Gross Leak 1014 
Visual 1004/1010 
End-Point Electrical Parameters 
Mechanical Shock 

Fine and Gross Leak 

Visual 


Vibration, Variable Frequency 
| 6 | Internal Water Vapor Content 1018 


Visual 
End-Point Electrical Parameters 


Sait Atmosphere 


Constant Acceleration 
Fine and Gross Leak 
Adhesion of Lead Finish 
Lid Torque 
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RELIABILITY 


REPORT 


RELIABILITY OF 
SERIES UCNS800A BiMOS DRIVERS 


This report summarizes accelerated-life tests that have been 
performed on Series UCN5800A BiMOS integrated circuits and provides 
information that can be used to calculate the failure rate at any junction 
operating temperature. 


Product-reliability improvement is a continuous and evolving pro- 
cess. Ongoing life tests, environmental tests, and stress tests are 
performed to establish failure rates and monitor established process- 
control procedures. Failures are analyzed to determine design changes 
or process improvements that can be implemented to improve device 
reliability. 


The reliability of integrated circuits can be measured by qualification 
tests, burn-in and accelerated-life tests: 


1) Qualification testing is performed at an ambient temperature of 
4+125°C, reduced so as to Jimit junction temperature to +150°C, 
for 1000 hours with an LTPD = 5 in accordance with MiL-STD- 
883. This testing is normally conducted in response to a specific 
customer request or requirement. Qualification testing highlights 
design problems or gross processing problems, but does not 
provide sufficient data to generate accurate failure-rate 
data in a reasonable period of time. 


2) Burn-in is intended to remove infant-mortality rejects and is 
conducted at +150°C for 96 hours or at +125°C for 168 hours. 
An analysis of test results from the Double-Deuce™ burn-in 
program found that most failures are due to slight parametric 
shifts. Catastrophic failures, which would cause user-equip- 
ment failure, are typically less than 0.1%. 


3) Accelerated-life testing is performed at junction temperatures 
above +125°C and is used to generate failure-rate data. 


ACCELERATED-LIFE TESTS 


Accelerated-life tests are performed on integrated circuits at junction 
temperatures of +150°C or +175°C at the recommended operating 
voltages. The internal power dissipation on some high-power circuits 
requires the ambient temperature to be lower than +150°C to keep the 
junction temperature between +150°C and +175°C. 


In these tests, failures are produced so that the statistical life 
distribution can be established. The distribution cannot be established 
without failures. High-temperature accelerated-life testing is necessary 
to accumulate data in reasonable time periods. It has been established 
that the failure mechanisms at all temperatures in these tests are 
identical. Temperatures above +175°C are not generally used for the 
following reasons: 


a) Industry-standard molding compounds degrade and release 
contaminants (halides) at approximately +200°C). 


b) Life-test boards constructed with materials capable of with- 
standing exposure to temperatures greater than +175°C have 
been deemed to be cost prohibitive. 


SERIES 5800 
RELIABILITY REPORT 


Cc) Increases in junction leakage currents may increase the power 
dissipation and device temperature to an indeterminate level. 


Table | contains data produced by life tests that were conducted at 
+150°C. The data includes the number of units in each sample, and the 
time periods during which failures occurred. The total time-on-test 
varies, with priority changes influencing allocation of oven and board 
space, as new products are introduced. The time intervals between test 
readings were chosen for ease of plotting on log-normal paper. 


The acceleration factor calculated using the Arrhenius equation, 
and a 1 eV activation energy, is approximately 5 x for each 25°C 
temperature rise in junction temperature and is multiplicative.’ This 
allows the data to be compared to qualification life-test data by equating 
200 hours at +150°C to 1000 hours at +125°C. 


The data at the bottom of Table | are compiled by calculating the 
probability of success (P_), the cumulative probability of success, the 


probability of failure (P,) and the percentage of failed units in each time 
period. 


CUMULATIVE PERCENT FAILURES 


tp 
© 
S 
Q 
2 
= 
2 | 4 
i= 
| 
| 
i 
| 
O51 2 > 10 2 50 70 80 90 % 98 99 
CUMULATIVE FAILURES IN PERCENT 
Dwa, GP-029 


FIGURE 1 


The cumulative percent of failures is plotted on log-normal plotting 
paper in Figure 1. This paper has a logarithmic time-scale axis and a 
probability-scale axis. A !og-normal distribution plots as a straight line. 
A line of best fit is drawn through the plotted points and extended to 
determine the median life-time at the 50% fail-paint. The median life at 
a junction temperature of +150°C is, in this case, 682,000 hours. 


The log-normal distribution is commonly used because most 
semiconductor device data fit such a distribution.2?, When the median 
life has been found at the elevated temperature, it can be converted to 
the lower temperature of the actual application. The Arrhenius equation, 
which relates the reaction rate to temperature, is used to make this 
conversion. ' 


SERIES 5800 
RELIABILITY REPORT 


TABLE I 
TEST RESULTS at T, = +150°C 


HOURS ON TEST 
TEST 600 1000 1200 1800 2400 3000 4000 
NUMBER) QTY. NUMBER OF FAILURES 
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TEST RESULTS at T, = +150°C continued 


J 
HOURS ON TEST 
TEST 48 150 300 600 1000 = 1200 1800 2400 3000 4000 
| Numaer ary. NUMBER OF FAILURES 
39 48 0 0 0 ) 0 
40 48 0 0 0 0 0 7 
44 45 0 0 0 0 
42 100 0 0 0 0 0 0 1 
43 100 0 0 9 0 
44 50 0 0 0 0) 0 0 
45 580 1 4 0 
46 90 0 1 0 ) 
a7 37 0 0 0 ) 0 
48 26 0 0 0 0 0 0 0 
49 25 0 1 
TOTAL ON TEST 3030 6629 3189 2222 5065 1895 1442 
TOTAL FAILURES 1 23 7 8 8 15 7 
TOTAL GOOD 3029 8606 3182 2214 5057 1880 1435 
P, 1.00 997 998 996 998 992 995 
Cumulative P, 1.00 996 994 990 989 981 976 
P,=1-P, 000 004 008 010 O11 019 024 
Failures 0.03 0.38 0.60 0.96 1.44 1.90 2.37 


The Arrhenius equation is: 
V.= Veeeh 
where V° = a constant 


fam 


= activation energy 
k = Boltzmann's constant 
T = absolute temperature in degrees Kelvin. 


An activation energy of 1.0 electron-volt was established by testing 
Series ULN2000A, Series UDN5710M, and Series UDN2980A devices 
at multiple temperatures. Failure analysis of devices rejected during 
that test-ing also supports this activation energy, as failures were 
mainly due to increased leakages, reduced beta, and surface 
inversion.’ 


The median life-point is drawn on Arrhenius graph paper in Figure 
2. The Arrhenius plot gives a graphical solution. rather than a math- 
ematical solution. to the problem of equivalent median lifetime at any 
junction temperature. A fine is drawn through this point (or points when 
multiple temperatures are used} with a slope of e = 1.0 eV. 


Although not as statistically accurate as the median lifetime. the 
5% fail-point can be read from Figure 1 and plotted parallel to the 
median-life line in Figure 2. 
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The median life at reduced junction 
temperatures can now be determined using 
Figure 2. It must be emphasized that this is 
junction temperature and not ambient tem- 
perature. The temperature rise at the junction 
due to internal power dissipation must be 
taken into account using the formula: 


T,=P,R,,t+T, or T= Py Raye + Te 


The median lifetime, or 50% fail-point, as 
graphically determined in Figure 2, is approxi- 
mately 22 years at +125°C or 190 years at 
+100°C junction temperature. 


The approximate failure rate (FR) may be 
determined from FR = 1/Median Life, where 
Median Life is taken from Figure 2 at the 
intersection of the junction-temperature line 
and median-life line. The actual instanta- 
neous failure rate can be calculated using a 
Goldwaite plot.* However, this approximation 
is very close. At +100°C the failure rate would 
be: 


FR = 1/(2.7 x 10’ hours) 
= 0.0037%/1000 hours = 37 FIT 
where FIT = failures per 10° unit-hours 


Other failure-rate values have been 
calculated and appear in Table Ul. 


CONCLUSION 


The relationship between temperature 
and failure rate is well documented and is an 
important factor in all designs. Load currents, 
duty cycle, and ambient temperature must be 
considered by the design engineer to estab- 
lish a junction-temperature limit that provides 
a failure rate within design objectives. 


Figure 2 shows that a design with a 
continuous operating junction temperature 
of +125°C (internal power dissipation plus 
external ambient temperature) would reach 
the 5% failure point in 4.5 years. Lowering the 
junction temperature to +100°C increases the 
time to the 5% failure point to 38 years. 


A complete sequence of environmental 
tests, including temperature cycle, pressure 
cooker, and biased humidity tests. are con- 
tinuously monitored to ensure that assembly 
and package technology remain within 
established units. 


The environmental tests and accelerated- 
life tests establish a base line for compari- 
sons of new processes and materials. 


JUNCTION TEMPERATURE IN °C 


MEDIAN LIFE 


1yR 1OYRS 100YRS 1000 YRS 
+— 


ade, 
ik TOK Took IM TOM 100M 
TIME IN HOURS 
Dwg. GP-030 
FIGURE 2 
TABLE I 


SERIES UCNS800A FAILURE RATE 


Median Life Failure Rate Failures In Time 
(h) (%/1000 h) (No./10°unit-hours) 


6.8 x 10° 0.15 1466 
3.8 x 108 0,026 263 
2.7.x 10? 0.0037 37 
2.5.x 108 0.0004 4.0 
3.3 x 10° 0.000033 0.33 
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RELIABILITY 


REPORT 


RELIABILITY OF SERIES UDN6100A 
HIGH-VOLTAGE DISPLAY DRIVERS 


This report summarizes accelerated-life tests that have been 
performed on Series UDN6100A integrated circuits and provides 
information that can be used to calculate the failure rate at any junction 
operating temperature. 


Product-reliability improvement is a continuous and evolving 
process. Ongoing life tests, environmental tests, and stress tests are 
performed to establish failure rates and monitor established process- 
control procedures. Failures are analyzed to determine design changes 
or process improvements that can be implemented to improve device 
reliability. 


The reliability of integrated circuits can be measured by qualifica- 
tion tests, accelerated tests, and burn-in: 


1) Qualification testing is performed at an ambient temperature of 
+125°C for 1000 hours with an LTPD = 5 in accordance with 
MIL-STD-883. This testing is normally conducted in response to 
a specific customer request or requirement. Qualification testing 
highlights design problems or gross processing problems, but 
does not provide sufficient data to generate accurate failure 
rates in a reasonable period of time. 


2) Accelerated testing is performed at junction temperatures above 
+125°C and is used to generate failure-rate data. 


3) Burn-in is intended to remove infant-martality rejects and is 
conducted at +150°C for 96 hours or at +125°C for 168 hours. 
An analysis of test results from the DoubleDeuce™ burn-in 
program found 1.27% failures in more than 325,000 pieces 
tested in a recent time period. Most failures were due to slight 
parametric shifts. Catastrophic failures, which would cause 
user-equipment failure, were less than 0.1%. 


ACCELERATED-LIFE TESTS 


Accelerated-life tests are performed on integrated circuits at 
junction temperatures of +150°C or +175°C at the recommended 
operating voltages. The internal power dissipation on some high-power 
circuits requires the ambient temperature to be lower than +150°C to 
keep the junction temperature between +150°C and +175°C. 


In these tests, failures are produced so that the statistical life 
distribution may be established. The distribution cannot be established 
without failures. High-temperature accelerated-life testing is necessary 
to accumulate data in reasonable time periods. It has been established 
that the failure mechanisms at all temperatures in these tests are 
identical. Temperatures above +175°C are not generally used for the 
following reasons: 


a) Industry-standard molding compounds degrade and release 
contaminants (halides) at approximately +200°C. 
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TABLE I 
TEST RESULTS at T, = +150°C 
HOURS ON TEST 


TEST BIAS 600 1200 1800 2000 5000 6000 
NUMBER VOLTS NUMBER OF FAILURES 


TOTAL ON TEST 
TOTAL FAILURES 
TOTAL GOOD 


P 1.00 0.972 0.947 1.00 1.00 


s 


Cumulative P, 0.981 0.954 0.888 0.888 0.888 
P,=1-P, 0.019 0.046 0.112 0.112 0.112 


Cumulative % Failures 1.9 4.6 : 11.2 11.2 11.2 


b) Life-test boards constructed with materials capabie of with- 
standing exposure to temperatures greater than +175°C have 
been deemed to be cost prohibitive. 


c) Increases in junction leakage currents may increase the power 
dissipation and device temperature to an indeterminant level. 


Table | contains Series UDN6100A data produced by life tests 
that were conducted at +150°C. The data include the number of test 
samples, number of units in each sample, and the time periods during 
which failures occurred. The total time-on-test varies, with priority 
changes influencing allocation of oven and board space, as new 
products are introduced. The time intervals between test readings 
were chosen for ease of plotting on log-normal paper. 


The acceleration factor calculated using the Arrhenius equation, 
and a1 eV activation energy, is approximately 5x for each 25°C tem- 
perature rise in junction temperature and is multiplicative.’ This allows 
the data to be compared to qualification life-test data by equating 200 
hours at +150°C to 1000 hours at +125°C. if these tests had been 
qualification tests, they would have ended at 200 hours at +150°C or 40 
hours at +175°C. 


The data at the bottom of Table | is compiled by calculating the 
probability of success (P.), the cumulative probability of success, the 


probability of failure (P.) and the percentage of failed units in each 
time period. 


Pree a eM I SI) 
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The cumulative percent of failures is 
plotted on log-normal plotting paper in Figure 
1. This paper has a logarithmic time-scale 
axis and a probability-scale axis. A log-normal 
distribution plots a straight line. A line of best 
fit is drawn through the plotted points and 
extended to determine the median lifetime at 
the 50% fail-point. The median life at a 
junction temperature of +150°C is 100,000 
hours, in this case. 


The log-normal distribution is commonly 
and widely used because most semiconduc- 
tor device data fit such a distribution.2 When 
the median life has been found at the eleva- 
ted temperature, it can be converted to the 
lower temperature of the actual application. 
The Arrhenius equation, which relates the 
reaction rate to temperature, is used to make 
this conversion.’ The Arrhenius equation is: 
Vv faa Ve ef KT 


where Ve = a constant 
€ = activation energy 
k 
T 


Boltzmann's constant 


iif 


absolute temperature in 
degrees Kelvin 


An activation energy of 1.0 electron-volt 
was established by testing Series ULN2000A, 
Series UDN5710M. and Series UDN2980A 
devices at multiple temperatures. Failure 
analysis of devices rejected during this testing 
also supports this activation energy, as 
faitures were mainly due to increased leak- 
ages, reduced beta, and surface inversion.’ 


The median life-point is drawn on 
Arrhenius graph paper in Figure 2. Arrhenius 
plotting paper gives a graphical solution, 
rather than a mathematical solution, to the 
problem of equivalent median lifetime at any 
junction temperature. A line is drawn through 
this point (or points when multiple tempera- 
tures are used) with a slope of E = 1.0 eV. 


Although not as statistically accurate 
as the median lifetime, the 5% fail-point can 
be read from Figure 1 and plotted parallel to 
the median-life line in Figure 2. 


The median life with lower junction 
temperatures may now be determined by 
using Figure 2. lt must be emphasized that 
this is junction temperature and not ambient 
temperature. The temperature rise at the 
junction due to internal power dissipation 


CUMULATIVE PERCENT OF FAILURES 


TIME IN HOURS 


| 
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must be taken into account using the formula: 
T,=P,R,+T, or T,=P Rio +7, 


D’ BJA D’ “@JG 
The median lifetime, or 50% fail-point, as determined in Figure 2, is 
approximately 100 years at +125°C or 1,000 years at +90°C junction 
temperature. 


The approximate failure rate (FR) can be determined from 
FR = 1/Median Life. where Median Life is taken from Figure 2 at the 
intersection of the junction-temperature line and median-life plot. The 
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actual instantaneous failure rate may be calculated using a Goldwaite 
plot.4 However, this approximation is very close. At +100°C the failure 
rate would be: 


FR = 1/(4 x 10° hours) 
= 0.025%/1000 hours 
Other failure rate values have been calculated in Table Il. 
TABLE II 
SERIES ULN6100A FAILURE RATES 


Median Life Failure Rate Failures tn Time 
(h) (%/1000 h) (No./10° unit-hours) 


0.167 


0.025 
0.0025 
0.0002 


CONCLUSION 


The relationship between temperature and failure rate is well 
documented and is an important factor in all designs. Load currents, 
duty cycle, and ambient temperature must be considered by the design 
engineer to establish a junction-temperature limit that provides failure 
rates within design objectives. 


Figure 2 shows that a design with a junction temperature of 
+100°C, calculated from internal power dissipation and external ambi- 
ent temperature, would not reach the 5% fail-point in 10 years. Lower- 
ing the junction temperature to +70°C increases the time to 100 years. 


A complete sequence of environmental tests on Series UDN6100A, 
including temperature cycle, pressure cooker, and biased humidity tests 
are continuously Monitored to ensure that assembly and package 
technology remain within established limits. 


These environmental tests and accelerated-life tests establish a 
base line for comparisons of new processes and materials. 
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2) Peck, D. S., and Trapp, O. D., Accelerated Testing Handbook, 
Technology Associates, 1978, pp. 2-1 through 2-6. 
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4) Goldwaite, L. R., “Failure Rate Study for the Log-Normal Life- 


time Model.” Proceedings of the 7th Symposium on Reliability 
and Quality Contro!l, 1961, pp. 208-213. 
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RELIABILITY DATA 


SOT-23 TRANSISTORS 


All transistor and diode device types are constantly monitored 
through ongoing mechanical and moisture tests. The reliability chart 
below shows typical data from moisture tests (pressure cooker and 
humidity life tests) and mechanical tests, including those for intermittent 
operating life and thermal shock. Solderability testing is performedona | 
regular sample basis. Individual process data is available on request. 


Failure Rate MTBF: 2 
in Fits 2 (hours) 


Steady-State 
Operating Life 


High-Temperature 


Reverse Bias 


Thermal Shock 


Pressure Cooker 


Humidity Life Test 


Intermittent Operating Life 


T, = +25°C 
4000 hours 
P, = 350 mw 


Veg =08 Viryceo 
T, = +125°C 

1000 hours 

Vog = 0:8 Vieryceo 
MIL-STD-202 
Method 107 
Condition F 


15 psig 
Ty =+115°C 
96 hours 


1.22 x 10° 
1000 hours 
P., = 350 mW 
Vopg = 0-8 V, 
t= 120s 
oa 
toe = 120s 


BR)CEO 


NOTES: 1. For confidence level of 60%. 
2. Cumulative rate (includes infant mortals) 
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PACKAGE 


INFORMATION 


PACKAGE THERMAL 
CHARACTERISTICS 


Allegro Package Package Type Qty-Type of 
Code (Common Package Designators) Terminals (°C/W) (°C/W) 


Plastic Dual In-Line 
(DIP or PDIP) 


Semi-Tab Plastic Dual In-Line 8-Pin 
(DIP or PDIP) 14-Pin 


EA Semi-Tab Plastic Leaded Chip Carrier 28-J Lead 50 
(PLCC or PQCC) 44-J Lead _ 
EB Semi-Tab Plastic Leaded Chip Carrier 28-J Lead 42 


(PLCC or PQCC) 44-J Lead 30 


20-Contact 
28-Contact 
44-Contact 


Square Hermetic Leadiess Chip Carrier 
(LCC, CCC, or CQCC) 


Square Plastic Leaded Chip Carrier 
(PLCC or PQCC) 


Hermetic Side-Brazed DIP 
{H-DIP or CDIP) 


Plastic Single In-Line (SIP or PSIP) 


Plastic Smail-Outline Transistor (SO or SOT) 3-Gull Wing 


Plastic Small-Outline IC 
(SO, SOIC, or SOL) 


8-Gull Wing 
14-Gull Wing 
16-Gull Wing 


The data given is intended as a general reference only and is based on certain simplifications such as Continued next page... 
constant chip size and standard bonding methods. Where differences exist, the detail specification 
takes precedence. 


Rost 
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Allegro Package Package Type Qty-Type of 
Code (Common Package Designators) Terminals (°C/W) (°C/W) 
LB Semi-Tab Plastic Small-Outline IC 20-Gull Wing 6.0* 
(SO, SOIC, or SOL) 24-Gull Wing 


Wide-Body Plastic Smail-Outline IC 16-Gull Wing 
(SO, SOIC, or SOL) 18-Gull Wing 
20-Gull Wing 


28-Gull Wing 


Hermetic Ceramic Dual In-Line 
(CerDIP or GDIP) 


Vv Hermetic Metal Flange-Mount 
(FM or MBFM) 


Z 


The data given is intended as a general reference only and is based on certain simplifications such as 
constant chip size and standard bonding methods. Where differences exist, the detail specification 
takes precedence. 


Rest 
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THERMAL DESIGN FOR 
PLASTIC INTEGRATED CIRCUITS 


Proper thermal design is essential for reliable operation of many 
electronic circuits. Under severe thermal stress, leakage currents 
increase, materials decompose, and components drift in value or fail. 
Present-day linear integrated circuits are capable of delivering 5 to 
10 watts of continuous power. Previously, such power levels came 
only with discrete metal can power transistors. It was relatively easy 
to determine the thermal resistance of these devices and attach a 
massive heat sink. However, in many markets, economic factors now 
dictate the use of molded dual in-line plastic packaged monolithic 
circuits. The guidelines to be discussed will provide the circuit design 
engineer with information on maintaining junction temperature below 
a safe limit under worst case conditions. 


DESIGN CONSIDERATIONS 


Four factors must be considered before the required heat-sinking 
can be determined. These are: 


1. Maximum ambient temperature 

2. Maximum allowable chip temperature 
3. Junction-to-ambient thermal resistance 
4. Continuous chip power dissipation 


Maximum ambient temperature for the integrated circuit is normally 
between +70°C and +85°C and is usually dependent on the case 
material. In most applications, however, the limiting factor is the associ- 
ated discrete components and a limit of about +50°C is specified. The 
maximum allowable chip temperature is usually +150°C for silicon. 


Thermal resistance is the all-important design factor. It is com- 
posed of several individual elements, some of which are determined 
by the integrated circuits manufacturer, and some by the user, 


CHIP POWER DISSIPATION 


The chip power dissipation should be obtainable from the 
manufacturer's specifications. In most applications it is a variable and 
determined by the user when he specifies the circuit variables. 


HEAT DISSIPATION 


In any circuit involving power, a major design objective is to reduce 
the temperature of the components in order to improve reliability, 
reduce cost, or improve operation. The logical place to start is with the 
heat-producing component itself. First, keep the amount of heat gener- 
ated to a minimum. Second, get rid of the heat that must be generated. 


Heat generation can be minimized through proper circuit design. 
Heat dissipation is a function of thermal resistance. 


With the typical discrete component, heat dissipation can be 
accomplished by fastening it directly to the chassis. Dual in-line plastic 
packaged integrated circuits, however, are quite a bit different. Their 
shape is not conducive to fastening directly to the chassis, they are 
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normally installed in a plastic socket or on a 
printed wiring board, and the heat producing 
chip is not readily accessible. 


Some users specify unusual packages so 
as to get the heat sink as close as possible to 
the chip and/or provide an attachment point 
for an external heat sink. A common factor in 
many of these special designs is that the lead 
frame is an integral part of the heat sink. 


Since the plastic package may have 
a thermal resistance of between 50 and 
100°C/W and the lead frame a thermal resis- 
tance of only 10 to 20°C/W, this would seem 
like the best route to go. 


STANDARD PACKAGES 


The most common lead frame material 
has been Kovar (an iron-nickel-cobalt alloy). 
Its coefficient of expansion is close to that 
of silicon thereby minimizing mechanical 
stresses. However, Kovar has a relatively 
high thermal resistance and consequently is 
not suitable for standard lead frames in high 
power dissipation circuits. For these applica- 
tions, copper or copper-alloy lead frames 
should be used. Additionally, some type of 
added heat sinking may be necessary. Thus 
lead frame configurations are being altered 
from the standard 14-pin or 16-pin designs. 


Rapidly becoming an industry standard 
is the “bat-wing” package. This package is 
the same size as a dual in-line package, but 
the center portion of the frame is left as tabs. 
These tabs can be soldered to a heat sink or 
inserted directly into a socket. The worst case 
thermal resistance of various lead frames 
(R, ,.) is given below. 


BUC. 


Thermal Resistance 


Lead Frame 


14-pin Kovar 47°C/W 
14-pin copper 38°C/W 
“Bat-wing” 13°C/W 


WHICH HEAT SINK? 


lf the integrated circuit manufacturer has 
done his job well, the chip-to-ambient thermal 
resistance wil be minimized for maximum chip 
power dissipation. It would appear that even 
the Kovar lead frame would be adequate for 
most applications. However, the total thermal 
resistance (R,,,) is also dependent on a stag- 
nant layer of air at the lead frame-ambient 
interface which will suport a temperature 


gradient. The total thermal resistance of a non-heat sinked dual in-line 
plastic package is therefore much higher. Since air is a natural thermal 
insulator, maximum heat transfer is through convection and the total 
thermal resistance will decrease some at high power levels. 


Total 
Thermal Max. Power Diss. (W) 


Resistance at 50°C T,, 150°C T, 


120°C/W 0.83 
60°C/W 1.67 
45°C/W 2.22 


Lead Frame 


14-Pin Kovar 
14-Pin Copper 
“Bat-Wing” 


Ignoring any safety margin and device performance, even the 
“bat-wing” is now only barely adequate for many power driver appli- 
cations. The obvious solution is the use of an external heat sink. 


Actual performance in a specific situation depends on factors 
such as the proximity of objects interfering with air flow, heat radiated 
or convected from other components, atmospheric pressure, and 
humidity. A good safety factor is therefore in order. 


Heat sinks for plastic dual in-line packages can be of almost 
unlimited variety in design, material, and finish. Economics will normally 
play a very important role in the selection of any heat sink. 


The least expensive and easiest to fabricate heat sink is the plain 
copper sheet. It is also very effective in reducing the total thermal 
resistance. The necessary dimensions can be obtained from Figure 1. 
These heat sinks are square in geometry, 0.015 inches thick, mounted 
vertically on each side of the lead frame, and with a dull or painted 
surface (Figure 2). The heat sinks should be soldered directly to the 
lead frame (approximately 0.3°C/W interface thermal resistance) 


The plain copper sheet heat sink is also available commercially and 
may be less expensive than in-house manufacture. Two standard types 
are the Staver V7 and V8. 


HEAT SINK DIMENSION IN INCHES PER SIDE 


Roca in OC PER WATT 


Dwg. No. A-11,494 


FIGURE 1 
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HEAT SINK FINISHES 


The most common finish is probably 
black anodizing. It is economical and offers a 
good appearance. The black finish will also 
increase the performance of the heat sink, 
due to radiation, by as much as 25%. How- 
ever, since anodizing is an electrical and 
thermal insulator, the heat sink should have 
an area free of anodize where the heat- 
generating device is attached. 


Other popular finishes for heat sinks 
are irridite and chromic acid dips. They are 
economical and have negligible thermal 
and electrical resistances. These finishes, 
however, do not enjoy the 25% increase in 
performance that a dull black finish has. 


FORCED AIR COOLING 


The performance of many heat sinks can 
be increased by as much as 100% by forcing 
air over the fins. Where space is a problem, 
the cost of a smail fan can often be justified. 
If a fan is required for other purposes, it is 
advantageous to place the semiconductor 
heat source in the air flow. A rule-of-thumb is 
that semiconductor failure rate is halved for 
each 10°C reduction in junction operating 
temperature. 


CHIP DESIGN 


Proper thermal design by the integrated 
circuit user can reduce the operating tem- 
perature of the semiconductor junction. 
However, the minimum chip temperature at 
any power level is determined solely by the 
device manufacturer. For this reason, care 
must be taken in choosing the manufacturer. 
“Exact equivalent” integrated circuits are 
not necessarily identical. Electrically and 
mechanically they may be the same, but 
thermal differences can mean that “identical” 
audio power amplifiers will not put out the 
same power without exceeding the rated 
junction temperature. 


The circuit manufacturer must optimize 
his chip design so that component drift is 
minimized and/or equalized so that rated 
performance can actually be obtained under 
maximum thermal stress. 


Note in Figures 3 and 4 that the 
Darlington input differential pairs are cross- 
connected so as to minimize differences in 
gain as a function of output transistor power 
dissipation. Transistor Q,, being closest to 
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FIGURE 2 
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FIGURE 3 


FIGURE 4 
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ELECTRICAL THERMAL 
CIRCUIT CIRCUIT 


E, (VOLTS) tT (°c) 


| Q 
(AMPERES) R (OHMS) (WATTS) 68 MCW) 
£2 (VOLTS) 


E] - fo = IR 
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FIGURE 5 


Thermal Resistance 
in °C/W for 


Material Unit Area/Unit Length 


Silver 

Copper, Annealed 
Gold 

Beryitia Ceramic 
Aluminum 

Brass (66 Cu, 34 Zn) 
Silicon 

Germanium 

Steel, SAE 1045 
Solder (60 Sn, 40 Pb) 
Alumina Ceramic 
Kovar (54 Fe, 29 Ni, 17 Co) 
Glass 


Epoxy 

Mica 

Teflon PTFE 
Air 


= THERMAL POWER IN WATTS » 
ELECTRICAL POWER iN WATTS 
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the output power transistors, is naturally the hottest; Q, is a degree or 
two cooler; Q, and Q, are-about equal and midway between Q, and Q,. 
The gain of the Q,-Q, Darlington pair is about equal to the gain of Q,-Q, 
at ail output power levels because of careful thermal design. 


In certain specialized applications, thermal coupling can be used 
to a distinct advantage. Experimentally, thermal coupling has been used 
to provide a low-pass feedback network which otherwise could be 
obtained only with very large values of capacitance. 


The foregoing discussion has covered the average thermal charac- 
teristics of dual in-line plastic integrated circuits. The specific devices 
will vary with the different packages and bonding techniques employed, 
but the concepts will remain the same. 


APPENDIX 


The following is intended to review terminology and compare 
thermal circuits with the more familiar electrical quantities. 


The first law of thermodynamics states that energy cannot be 
created or destroyed but can be converted from one form to another. 
The second law of thermodynamics states that energy transfer will 
occur only in the direction of lower energy. In the semiconductor junc- 
tion, the electrical energy is converted to thermal energy. Since no heat 
will be stored at the junction, the heat will flow to a lower temperature 
medium, air. The rate of heat flow is dependent on the resistance to that 
flow and the temperature difference between the source and the sink. 


This thermal electrical analogy is convenient only for conduction 
problems where heat flow and temperature obey linear equations. The 
analogy becomes much more complex for situations involving heat flow 
by convection and radiation. Where these two modes are not negligible, 
they can be approximated by an equivalent thermal resistance. If 
ignored, the error introduced will only improve the device reliability. 


A simplified thermal flow diagram of a molded dual in-line package 
and heat sink is shown. The thermal resistance of the lead frame-heat 
sink-ambient is shown as a variable resistor, because this is under the 
control of the user and may be varied over a considerable range. 
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ABSTRACT 


A new, high-performance version 
of a Plastic Dual-In-Line package with 
improved reliability levels has been 
developed for high-power integrated 
circuit industrial and automotive 
applications. Superior thermal capabil- 
ity and reliability performances have 
been achieved with no increase in 
manufacturing cost or change in 
package outline. 


The development of this package 
is based on a package optimization 
approach. Development methodology 
and package characterization results 
will be outlined. Data for production 
lots of the package show a thermal 
performance improvement of up to 
35 percent compared with currently 
available packages, without the aid of 
an external heat sink. Furthermore, 
qualification test results indicate that 
this new package has an excellent 
reliability performance and its long- 
term survival exceeds the industry 
standard requirements. An improve- 
ment by a factor of 4 in the resistance 
to device metal deformation and a 
factor of 7 in wire-bond thermal fatigue 
has been achieved as a result of 
reducing the shear and normal 
stresses inside the package by proper 
selection of a state-of-the-art low 
modulus molding compound and 
optimizing the leadframe design. In 
addition, new design fundamentals 
will be briefly discussed. 


This paper was presented at the 39th Electronic 
Components Conference, Houston, TX, May 
22-24, 1989. Copyright, © 1989, IEEE, reprinted 
with permission. 


INTRODUCTION 


As the maturation of power integrated circuit technologies contin- 
ues to promise more miniaturization of power electronic systems, the 
role of package thermal management is becoming critical. Since the 
present power packaging technology lags sharply behind the chip 
technology, the device performance and its reliable operation can be 
described to a great extent as limited by the package thermal capability. 
This paper presents the results of a package design study, which 
employs a “package optimization approach.” The package chosen for 
this study is the 16-lead web-DIP, class of Plastic Dual-In-Line-Package 
(PDIP), which was specifically developed for medium- to high-power 
applications. An important practical feature of the web-DiP is that it 
costs no more to produce than a conventional DIP. 


The initial phase of this program is a comparative analysis, based 
on package thermal and physical evaluations. Five variations of power 
DIP packages from major power integrated circuit manufacturers were 
evaluated. The evaluation results indicate that packages presently 
available are still far from optimum, thus making further improvements 
a feasible goal. In parallel to the comparative analysis, three-dimen- 
sional finite-element models are constructed to simulate and analyze 
the expected thermal performance of the design under study. The 
projected configuration is also analyzed thermostructurally to examine 
the mechanical behavior of the new packaging system, prior to imple- 
mentation. The reliability improvement of the new package is based 
on optimization of the leadframe design, and the proper selection of 
materials. The package reliability design is aimed at improving wire 
fatigue life and device metal deformation resistance during temperature 
cycling. In addition, the study provides a new insight into this type of 
package and new design principles which can be extended to packages 
of similar internal configuration, such as power surface-mount 
packages. 


OPTIMIZATION STRATEGY 


PDIP’s are still the most common package option for high-volume 
IC production, due to their established manufacturing and handling, and 
their low cost. However, there are two different types of PDIP’s. The 
first is the standard type in which the chip pad is not attached to any of 
the internal leads (Fig. 1(a)). and which is mainly used for jow-power 
applications. The second is a modified form of the standard type in 
which the central ieads are tied in pairs and connected with the paddle, 
forming one piece (Fig. 1(b)). This unconventional configuration has 
been employed to improve the package thermal performance, mainly by 
enhancing the conduction heat transfer mechanisms by allowing the 
chip to be cooled directly by means of these four leads which are 
soldered to a board. This design format has made such a package 
suitable for medium-power applications up to 2.5 W in natural convec- 
tion. Also, if the chip pad is extended to the outside of the package 
forming a web shape (Figure 1(c)), a miniature heat sink can be sol- 
dered to the web for even higher power dissipation. 
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WEB-DIP DESIGN 


Although there are several extensive 
studies concerning thermal performance and 
reliability of standard PDIP's [1}-[4], there 
have been no similar efforts directed towards 
its web version. However, we felt that a new 
insight should be gained and established for 
the web-type package for the following 
reasons: 


(1) The power dissipation capability of 
the package is greatly influenced by the web 
concept, which dramatically changes the 
temperature fields inside the package. 
Consequently, all of the previously identified 
thermal paths for standard packages are 
affected, and their relative thermal contribu- 
tions are altered. 


(2) It has been demonstrated that 
converting from the standard package to the 
web-type package has !ed to an improvement 
of the package power handling capability by 
70 percent. For example, a 1-W standard 
package can dissipate 1.7 W instead by tying 
its four central leads to the chip pad. How- 
ever, our observations, as will be described 
later, indicate that some package designers 
have conflicting views about the thermal 
merits of the concept compared with other 
paths. This limited understanding as to the 
precise relationship between the web and 
other leadframe parameters has cost some 
manufacturers a great thermal penalty, as will 
be explained in the next section. 


(3) The mechanical configuration of the 
leadframe and its physical behavior within 
the package during assembly, testing, and 
operation has introduced a considerable 
amount of uncertainty involving the package 
component structural responses and long- 
term reliability. 


(4) Since this concept is being extended 
to new package families, notably PLCC’s and 


SOIC’s, to improve their thermal performance, 


new safe design limits are required, particu- 
larly when these packages have not been 
completely perfected. 
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FIGURE 1 


16-Lead PDIP leadframes (a) standard (b) unconventional (c) unconventional-web 


oe ee 


FIGURE 2 


Leadframe designs for five different PDIP manufacturers 


COMPARATIVE ANALYSIS 


The primary purpose of this analysis was to assess the thermal 
performance of the industry state-of-the-art power DIP packages made 
by leading IC manufacturers. This performance evaluation enabled us 
to gain knowledge about the range of the thermal capabilities of existing 
packages and to establish an optimization target. Figure 2 shows the 
leadframe design of the examined packages. 


Representative packages from five major companies including our 
targeted package were chosen for this study based on device perfor- 
mance equivalents and similarity of package outlines. 


Steady-state thermal resistance of the packages was measured in 
still air under the same conditions at different power levels, using the 
Temperature Sensitive Parameters (TSP) method. During the measure- 
ments, packages were mounted individually by soldering to a printed 
circuit board which was oriented vertically and housed in a 1-ft.? 
plexiglas sealed enclosure. Measurements were taken with the aid of a 
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TABLE I 


16-LEAD DIP THERMAL RESISTANCE 
Roy, COW) 


R,,, COW) at 80CT, 


A 47 
B 51.5 
Cc 52 
D 55 
E 59 


Sage model Theta 400A thermal resistance 
tester. Results of the measurements of the 
thermal resistance from junction to ambient, 
R,,, are presented in Table |. The manufac- 
turers are listed in ascending rank, based on 
their package performances. 


The next step of the analysis was to 
correlate these thermal resistances to their 
packaging systems. For this purpose, a 
construction analysis was performed. The 
results of the construction examination are 
summarized in Table tl. The material analysis 
has been performed with the aid of a SEM 
equipped with an EDAX analyzer. Although it 
is not the intent of this study to critique these 
packages, the following discussion is in order. 


WORST PERFORMANCE 


Manufacturer E, whose package shows 
the highest thermal resistance, uses a very 
high thermal conductivity leadframe material 
which is identified as “silver-bearing copper.” 
Its conductivity is 35 percent higher than that 
of Copper Alloy C194, used by other manu- 
facturers. One might therefore expect that the 


FIGURE 3 
Web 16-lead PDIP 


package thermal resistance, R,,,, would be lower than that of other 
packages employing C194 leadframes. However, as is indicated in 
Table |, this is not the case. The main reason is that the leadframe 
design has left out the tie bar. As a result, a dramatic increase in 

Ry, occurs, which is not compensated for by the higher conductivity 
leadframe. To verify this, an experiment was run with packages 
assembled using copper alloy C151 leadframes, whose conductivity 

is 25 percent higher than that of C194 leadframes. The tie bar was 
removed from some of these packages. Thermal resistance measure- 
ments showed that in natural convection cooling the leadframe material 
and the tie bar make separate contributions to R,.,. First, despite the 
substitution of C194 material by C151, only about a 2.5°C/W improve- 
ment in R,,, is gained. The reason for this is that the package external 
resistance, R,., (where C refers to both the package and lead surfaces) 
is the pre-dominant resistance, and is more than 75 percent of the 
package total resistance in still air. This R,, has less dependency on 
the leadframe material [4], and is mainly a function of the motion and 
temperature of the boundary layers that exist on the package and the 
external lead surfaces. Second, packages with tie bar show a 6°C/W 
improvement in R.., over packages assembled without a tie bar. 
Therefore, we conclude that the leadframe thermal conductivity has a 
minor effect on R,,,. while the tie bar has a greater influence. This is 
due to its multiplying effect on heat distribution within the package to 
the adjacent leads as well as heat spreading to both the top and bottom 
surfaces of the packages, resulting in an additive thermal enhancement 
by conduction and convection. The same effect was also verified 
analytically, as will be discussed later. 


BEST PERFORMANCE 


Manufacturer A. whose package exhibits the lowest thermal 
resistance shown in Table I, employed the same high-conductivity 
leadframe material used by manufacturer E, but did not remove the 
tie bar. In addition, manufacturer A increased the leadframe thickness 
to 15 mils from the standard 10 mils. To evaluate the impact of the 
leadframe thickness on the package power handling capability, pack- 
ages assembled with C194 and C151 leadframes with 10-, 12-, and 
15-mil thickness were evaluated. Results of thermal resistance 
measuremenis in still air are summarized as follows: 


(1) R,,, for packages assembled with 10-mil C151 leadframes was 
2.5°C/W lower than those assembled with 10-mil C194 leadframes. 


(2) Packages assembled with 12- and 15-mil C151 leadframes 
showed an improvement in their R,,, by 3.5 and 7°C/W respectively 
over packages with 10-mil C151 leadframes. 


Thus it is concluded that a thicker leadframe reduces the package 
heat spreading resistance and enhances the package surface thermal 
properties that result in improved thermal exchange between the 
package surfaces and their immediate surrounding air layers. As a 


result, R,., is also reduced. 
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TABLE II 


16-Lead DIP CONSTRUCTION ANALYSIS 


Leadframe 
Thickness 


Leadframe 
Material (mm) 
Silver-Bearing 
Copper 


Copper Alloy 
C-194 


Copper Alloy 
C-194 


Copper Alloy 
C-194 


Silver-Bearing 
Copper 


THERMAL MODELING 
FINITE ELEMENT PROGRAM 


In parallel to the comparative analysis, 
numerical solutions for a steady-state thermal 
model were obtained by using the finite 
element program, ANSYS. A three-dimen- 
sional (3-D) model for a typical web-16-lead 
package was first constructed as a reference 
model to simulate the thermal performance of 
a standard web-16-lead DIP for a typical 
package system. Parametric changes were 
then applied to the model to determine the 
best variable combinations which can be 
implemented to optimize the package power 
dissipation, while maintaining a constant 
junction temperature of 150°C. Major vari- 
ables investigated in this study were: 


1 - leadframe material 

2 - leadframe thickness 
3 - tie bar size and layout 
4 - lead lock hole size 


5 - leadframe design, 
(web design versus internal 
termination), see Figures 1(b) and (c) 


6 - die attach material 
7 - die pad area 


Leadframe 
Design 
(Refer to Fig. 1) 


Gold Wire 
Diameter 
(mm) 


Chip 
Thickness 
(mm) 


Die-Attach 
Material 


Solder 


Silver 
Epoxy 


Silver 
Epoxy 


Silver 
Epoxy 


Silver 
Epoxy 


MODELING PROCEDURES 


A typical web-DIP is shown schematically in Figure 3. Due to 
symmetry, only half of the package was modeled, with an adiabatic 
boundary condition at the symmetry plane. The model consists of 
3032 nodes and 2270 elements. A 3-D view of the model is shown in 
Figure 4. A steady-state thermal analysis with free convection cooling 
is assumed. For half of the package, a 1.2-W dissipated power was 
used to simulate a 150°C junction temperature. The power was as- 
sumed to be uniformly generated in a 0.025-mm-thick active layer at the 
top of the silicon chip. For half of the chip (1.5 mm x 3.38 mm), the 
power was specified as heat generation per unit volume (9.49 W/mm?*). 
The surfaces of the package and the external leads were assumed to 
have a convective heat transfer coefficient of 0.00001 W/mm?°C. Table 
lll shows the materials properties that were used in the analysis. 


MODELING RESULTS AND DISCUSSION 


Reference Model: The temperature distribution across the chip active 
layer is shown in Figure 5. The individual roles of the web and the tie 
bar in the package thermal performance are illustrated in Figure 6. It 
can be seen from Figure 6 that the web represents the primary thermal 
path in the transverse direction to the chip, where heat is directly 
conducted down through the chip pad out of the package to the con- 
nected protruding leads and dissipated into the board by conduction 
and to the air by convection and radiation. Also, it can be seen that the 
major remaining thermal barrier inside the package is the plastic layer 
between the chip edge and the lead tips, while the tie bar has a multi- 
plying effect in dissipating and spreading heat to the adjacent leads and 
top and bottom surfaces of the package, as illustrated in Figures 6 and 
7. Therefore, to achieve an effective thermal design, the plastic layer 
should be minimized and a massive tie bar utilized. 
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FIGURE 4 
16-Lead DIP finite element model (3-D view) 
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Temperature distribution across the leadframe surface 
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FIGURE 7 


Temperature cistribution on the package top surface 


Parametric Study: For this analysis, the power generated in the active 
layer is held fixed and the junction temperature allowed to vary, while 
variables are applied. The results and conclusions of this parametric 
study are summarized as follows: (i) In natural convection cooling, for 
high-conductivity leadframe material, R,,, has a minor dependency on 
the material thermal conductivity. An increase in thermal conductivity of 
25 percent yields an 8 percent decrease in R,,. The leadframe thick- 
ness is of somewhat greater influence, yielding a 10 percent decrease 
in R,,, for only a 20 percent increase in thickness. Both R,... and R,,, 
are decreased, due to the massive size of the thicker frame and its 
effect of reducing the package internal resistance and improving the 
convection mechanism. (ii) The tie bar is critical to the package thermal 
performance even in the presence of the web feature because of its 
contribution in directing the heat flow throughout the package and 
disseminating heat to the package surfaces. Therefore, the package 
designer should not be tempted to remove it from the leadframe. (iii) 
Extending the chip pad outside the package has a thermal contribution’ 
A 1.6°C/W increase in R,, was found when the web had been removed 
and the paddle was terminated inside the package as in the case of 
package type in Figure 1 (b). (iv) Lead lock holes of 0.2 mm? each 
have no effect on the package thermal performance if they are placed 
on all the leads except the four central leads. (v) An improvement in 
Ray, Of only 1.2°C/W was achieved by changing the die-attach material 
from epoxy to solder, despite the large difference in their conductivities. 
This is attributed to the very small thickness of this layer. (vi) Fora 
given chip, R,,, is insensitive to the increase in the die pad area beyond 
a critical dimension, since any increase in the paddle area in the 
longitudinal direction is accompanied by moving the lead tips away from 
the chip edge which results in increasing the plastic thickness between 
the chip and the leads. thus, increasing lead resistance. Complete 
numerical data are summarized in Figure 8. The accuracy of these 
data is within 10 percent of the experimental results. 


Based on these data, we have predicted that a potential improve- 
ment in the package thermal performance of 25 percent could be 
achieved over our targeted package. It is also estimated that the 
proposed package could achieve a 40 percent increase in power 
dissipation capability over the worst case. Consequently, we decided to 
develop a new leadframe to meet the absolute targeted thermal im- 
provement with the following characteristics: (i) optimum configuration, 
(ii) higher thermal conductivity copper C151, and (iii) increased thick- 
ness, 0.375 mm compared to the standard 0.25 mm thickness. The 
reliability aspects of the new package are detailed in the retiability 
improvement and in the thermostructural modeling sections. 


RELIABILITY IMPROVEMENT 


Although the package thermal enhancement seems to be the 
principal driving force for this program, package reliability improvement 
has been an intrinsic part of the package optimization strategy. For 
example, two separate studies recommended the use of (i) a new 
epoxy die-attach adhesive for its effectiveness in reducing the amount 
of voids and improving the die shear resistance, and (ii) a new state-of- 
the-art low modulus molding compound which has proven its contribu- 
tion in reducing the shear force on the die surface. Experimental results 
with the low-modulus molding compound showed a reduction in device 
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TABLE III 


MATERIAL PROPERTIES OF 16 LEAD-PDIP PACKAGE COMPONENTS 


Thermal 


Conductivity 


(W/mm - °C) 


0.75 x 10° 
0.236 
0.140 
0.004 
0.331 
0.025 


Molding compound 
Leadframe, C194 
Silicon 


Epoxy adhesive 
Leadframe, C151 
Solder die attach 


metal deformation by a factor of 4, after 
temperature cycling from -65°C to 150°C. 
The low stress characteristics of this new 
molding compound result from lowering its 
Young’s modulus, without sacrificing the 
glass transition temperature for the finished 
product. [5], [6]. 


MECHANISM OF GROUND WIRE 
BOND FATIGUE AND RELIEF 


A novel jeadframe design change has 
extended the fatigue life of grounding wires 
during temperature cycling by a factor of 7. 
Earlier temperature cycling tests had indi- 
cated the occurrence of a wedge bond (heel), 
failure of the grounding wire that is used for a 
large number of devices. The failure mode 
was identified as a rupture or fracture occur- 
ring at the heel of the bond located on the 
leadframe, particularly on the die pad periph- 
ery, as seen in Figure 9. Experimental 
observations indicated that the mechanism of 
the bond fatigue failure is plastic flow and 
rupture in the heel area induced by cumula- 
tive cyclic strain during thermal fluctuations. 
The identified failure mechanism can briefly 
be described as follows: (i) An excessive 
reduction in the heel cross-sectional area, 
accompanied by plastic deformation, is 
caused by the edge of the bonding tool. (ii) 
The bond knee, which represents the junction 
between the heel and the wire span, sustains 
high localized stress by virtue of stress 
concentration effects. (iii) This stress will be 
intensified by the superimposed molding 
stress. (iv) As the package undergoes tem- 
perature changes under temperature cycling 
conditions the heel is displaced. The dis- 


Thermal 
Expansion 
Coefficient 

(10°°/°C) 


Young’s 
Modulus 
(kg/mm?) 


Poisson’s 
Ratio 


placement has both a horizontal and a vertical component. The hori- 
zontal component results from the shear force which is due to thermal 
coefficient mismatch between the molding compound and the 
leadframe, while the vertical component results from the molding 
compound normal stress. (v) Due to very low yield strength and high 
ductility of the gold wire, the displacement will produce a large amount 
of plastic strain, i.e., permanent deformation, at the knee for each 
temperature cycle. This plastic strain will accumulate during the course 
of the temperature cycling. (vi) In addition, during the high-temperature 
part of the cycle, a significant reduction in the gold yield strength could 
occur and the wire can behave as a perfectly plastic material [7] which 
will yield a very large cyclic strain at the knee and the molding com- 
pound interface. (vii) As the plastic straining continues and the cumula- 
tive magnitude of cyclic plastic strain reaches critical value (gold 
fracture strength), the heel will rupture at the knee and a fatigue crack 
can initiate, marking the beginning of the bond failure. 


Analysis of experimental data suggested that the bond failure 
during temperature cycling is a function of heel strain. As a result, it 
was inferred that the bond fatigue life or number of cycles to failure can 
be expressed by the Coffin Law [8] 


Ae, = C/NN 
where 
Ae, = cumulative plastic strain 
N = number of cycles to failure 
Cc = constant. 


Consequently, to improve the bond fatigue life, the heel cumulative 
plastic strain should be minimized during temperature cycling. Based 
on the discussion outlined above, the leadframe was designed to satisfy 
the plastic strain-number of cycles to failure criterion. The new 
leadframe design concept for reducing the cyclic strain, and in turn 
improving the bond fatigue life, is based on the following mechanical 
approaches which have been substantiated by reliability data and 
experimental verifications. 
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FIGURE 8 


Numerical results of 3-D finite eremert analysis. 


(1) Decreasing the area of the heel supportive, underlying pad of 
the leadframe would reduce the plastic strain amplitude. This is due to 
the reduced effect of the thermal coefficient mismatch between the 
leadframe and the molding compound. 


(2) Reduction in the heel displacement can be achieved by mini- 
mizing the neel pad movement. Therefore, an improvement of the 
interfacial adhesion between the heel and the surrounding will reduce 
the pad displacement. Consequently, stresses transmitted to the heel- 
molding compound interface will be reduced. 


(3) The fatigue damage accumulation of the heel is not only 
dependent on pre-mold stress [9]. but mostly on the plastic straining 
effects resulting from mechanical interaction between the molding 
compound and the configuration of the underlying pad. 


FIGURE 9 THERMOSTRUCTURAL ANALYSIS 


i | fter 1000 t t les. F : 
UNS De RR eS De ae benae hee Although the proposed leadframe posed an attractive option to 


augment the package power dissipation capability, its mechanical 
compatibility with other package components was considered to be the 
key factor for its final utilization for long-term reliable performance. 
Therefore, a thermostructural analysis study was performed to compare 
the structural behavior of the new package system, with the thicker 
C151 leadframe. versus the standard package, whose leadframe 
thickness is only 0.25 mm. Since the new leadframe material, C151, 
and the standard leadframe, C194, have the same elastic moduli and 
coefficients of thermal expansion, the only variable considered in the 
analysis is the thickness (see Table III). 
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FIGURE 10 


Die surface tensile stress distribution after die attach. 
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Die surface compressive stress distribution after 
die molding. 
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FIGURE 12 


Die surface shear stress distribution after molding. 


3-D FINITE ELEMENT MODELING 


As the state of the shear and normal stresses on the die surface 
are of prime reliability concern, due to their role in device passivation 
cracking and metal deformation [10)-(12], they were analytically investi- 
gated after the die attach and molding processes. Only the web feature 
is considered, since the tie bar and other leads do not significantly 
affect the package system during these two processes. The following 
assumptions are made: (1) linear elastic analysis, (2) isotropic materi- 
als, (3) zero stress at or above the glass transition temperature of die 
attach adhesive and molding compound. 


Die Attach Process: The modeling results show that for both assem- 
blies, with two different leadframe thicknesses, the maximum normal 
stress on the die surface is tensile and occurs at the center of the chip. 
Figure 10 shows the tensile stress distribution on the die surface. It can 
be seen that the stresses gradually decrease towards the chip edges. 
Though the stress distributions on the die surface are identical in shape 
for both assemblies, they are different in magnitude. Assembly with the 
0.25 mm thick leadframe produced 11.5 Kg/mm? while assembly with 
the 0.375 mm thick leadframe produced 10.0 Kg/mm* The model 
shows no shear stress on the die surface, which is expected since the 
surface is in pure bending. However, the chip maximum deflection at 
the center was 0.92/10? mm and 0.80 x 10mm for thinner and thicker 
leadframes, respectively. This particular finding suggests that using a 
thicker leadframe in the assembly will produce lower die deflection 
which, in turn, can lead to a higher resistance to thermal cyclic fatigue 
during temperature changes that will be elaborated on later in reference 
to the thermal cyclic model. 


Molding Process: Figure 11 shows the stress contours on the die 
surface at the end of the moiding and cure process. Zero stress condi- 
tions were assumed at T= 155°C. The whole surface is seen to be 
under compressive stress, with maximum stress concentrated on the 
die edges parallel to the longitudinal axis and on the corners. The 
compressive stress distributions are similar for both assemblies but 
different in magnitude. Assembly with the 0.25 mm thick leadframe 
yielded 19.5 kg/mm® stress on the chip corners, while assembly with the 
0.375 mm thick leadframe yielded only 16.5 kg/mm?. A 15 percent 
reduction in stress on the chip corners is achieved by using a thicker 
leadframe in the package. In addition, the die surface shear stress is 
12 percent lower for 0.375 mm thick leadframe. The shear stress 
distribution on the chip surface is the same for both assemblies. As 
shown in Figure 12, the maximum shear is concentrated on the chip 
corners and exponentially decreases to zero at the center of the die. 
[13] 


in summary, these comparative results show that the 0.375 mm 
thick leadframe could be better than the 0.25 mm thick leadframe 
because (i) the permanent in-situ normal and shear stresses produced 
on the chip surface as a result of either the die attach or the molding 
processes are lower, (ii) the temperature dependence of the die surface 
stress is lower, and (iii) the maximum die deflection is also lower. 
These theoretical findings highlight the potential contribution that the 
leadframe thickness would have in reducing thermal-fatigue damage 
and vulnerability of the die to stress caused by temperature changes. 
To explain this, the following model is postulated. 
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Die thermal stress fatigue model. 


DIE THERMAL FATIGUE MODEL 


At the beginning of the molding process, the die surface is com- 
pletely under tensile stress, as depicted in Figure 13. At the end of the 
molding process, at room temperature, the stress reverses to a com- 
pressive stress If the package system is heated again to a higher 
temperature the compressive stress will reverse to a tensile stress. 
This reversible process is repeated whenever the package is exposed 
to temperature excursions, causing the die to deflect in a butterfly-like 
movement. [14] The reversible deflection is further aggravated by the 
effects of the superimposed shear force which eventually will lead to a 
combined vertical and horizonta! thermal cyclic strain, particularly on 
the edges and corners of the die. Ultimately, microcracks will start to 
grow in the passivation layer. Subsequently, the device metal deforma- 
tion will initiate. 


Based on the analysis of the experimental and analytical results 
and the model proposed above, we inferred that a lower failure rate 
should be expected for package systems with thicker leadframes, since 
the cyclic die deflection and level of stresses will be lower during 
thermal stress transition. Therefore, less thermal fatigue effects will be 
induced on the surface of a die that is mounted on this thicker leadframe. 


NEW PACKAGE EVOLUTION AND 
PERFORMANCE EVALUATION 


Based upon the modeling predictions and the experimental evi- 
dence of thermal and reliability enhancement, the new package system 
was designed and placed into production. The features of the opti- 
mized package are described in Figure 14. Production lot samples of 
the newly developed package system were thermally characterized and 
exposed to an extensive reliability qualification study. 


THERMAL CHARACTERIZATION 


Production samples were thermally characterized under different 
ambient and cooling conditions. Results are summarized in Table IV. 
As shown in the table. two modes of cooling at room temperature were 
used during thermal characterization of the new package: natural 
convection, and moving air, both with and without a miniature heat sink. 
In still air at room temperature, the basic power dissipation capability of 
the new package without a heat sink is 3 W at T, = 150°C. This repre- 
sents a 25 and 35 percent improvement over the average and worst 
performances, respectively (see Table |). The comparison can be seen 
in Figure 15, which demonstrates the relationship between the thermal 
resistance and package power dissipation for the new package com- 
pared to packages discussed earlier. The boundary line in Figure 15 
relates maximum power dissipation of the packages at T= 150°C, 
which is normally specified as the junction temperature safe limit for 
BiMOS silicon technology. The best absolute thermal improvement 
with the new package can be achieved in moving air with a heat sink 
mounted on its web. The maximum steady-state power capability then 
is 9.1 W. 
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TABLE IV 


NEW PACKAGE SYSTEM THERMAL PERFORMANCE 
ATT, = 150°C 


Test Conditions Raja C/W) Power Dissipated (W) 


+ Still air (room temp.) 
* No heat sink 


* Still air (room temp.) 

+ Heat sink (staver type) 
* Moving air (200 LFM) 
+ Room temperature 

* No heat sink 


* Moving air (200 LFM) 
- Room temperature 
+ Heat sink 


QUALIFICATION TEST PROGRAM 


The following were the qualification tests conducted: 
1 - High-temperature reverse bias life test—150°C ambient 
at 50 V applied. 
2 - Biased 85°C/85 percent RH test at 50 V applied. 
3 - Pressure cooker—121°C, 100 percent RH. 
4 - Extended temperature cycle, (-65°C + 150°C). 


5 - Thermal resistance,R, ,, after each intervai of 500 temperature 
cycles. 


No failures have been reported to date in any of the tests. Results are 
summarized in Table V. 


SUMMARY AND CONCLUSIONS 


A high-performance, unconventional 16-lead Plastic Dual-In-Line 
Package has been developed. The new package power dissipation 
capability is 25 percent higher than the average measured for available 
packages and 35 percent higher than the worst package. The long- 
term reliability performance of the new package exceeds present 
industry standard reliability requirements. Reliability data also show 
that the chip surface metal deformation resistance tc temperature 
cycling is improved by a factor of 4, and the ground wire propensity for 
thermal cyclic fatigue damage has been reduced by a factor of 7. 


The superiority of the package is due to a combination of an 
optimum leadframe design and proper choice of materials, such as a 
low-modulus molding compound. The development strategy was based 
on a package optimization approach, in which a comparative analysis 
indicated that existing packages are not fully optimized. Extensive 
thermal and thermostructural studies have been performed. The finite 
element results have provided an insight into both the thermal and 
structural performance of the package. 
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TABLE V 
RELIABILITY QUALIFICATION RESULTS FOR NEW 16-LEAD DIP 
No. of Hours or Number of 
Cycles Completed Sample Size Failures 
150°C HTRB 6000 h 100 
85°C /85 percent RH’Bias 6000 h 


Temp. cycle - 65°C + 150°C 10 000 C 
“Electrical” 


Temperature cycling, 9000 C 
“Thermal resistance” 


Temperature cycling 9000 C 
(ground wire fatigue life) 
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APPLICATIONS 


INFORMATION 


OPERATING AND HANDLING PRACTICES 
FOR MOS INTEGRATED CIRCUITS 


HANDLING PRACTICES— PACKAGED DEVICES 


Input protection diodes are incorporated in all MOS/CMOS devices. 
However, because of the very high input resistance in MOS devices, 
the following practices should be observed for protection against high 
static electrical charges: 


MOUNTING POWER 
TAB DEVICES 


Power-tab packages are efficient 
thermal dissipators when properly 


uileed o-application the tellowing 1. Device leads should be in contact with a conductive material 


1. 


precautions should be taken: 


Always fasten the tab to the heat 
sink before the leads are 
soldered to fixed terminals. 


. Strain relief must be provided if 


there is any probability of axial 
stress to the leads. 


. Thermal grease (Dow Corning 


340 or equivalent) should always 
be used. Thermal compounds 
are better heat conductors than 
air but not a good substitute for 
flat mating surfaces. 


. The mounting surface should be 


flat to within 0.002 inch‘inch 
(0.05 mm/mm). 


. “Brute Force’ mounting to poorly 


finished heat sinks can cause 
internal stresses which damage 
silicon chips and insulation parts. 
Mounting torque should be 
between 4 and 8 inch pounds 
(0.45 to 0.90 Nm.} 


. The mounting holes should be as 


clean as possible with no burrs 
or ridges. 


. Use appropriate hardware 


including a lock washer or torque 
washer. 


. lf insulating bushings are used, 


they should be of dialylphthalate. 
fibergiass-filled polycarbonate, or 
fiberglass-filled nylon. Unfilled 

nylon should be avoided. 


except when being tested or in actual operation. 


2. Conductive parts of tools, fixtures, soldering irons and handling 
equipment should be grounded. 


3. Devices should not be inserted into or removed from test 
stations unless the power is off. 


4. Neither should signals be applied to the inputs while the device 
power supply is in an off condition. 


5. Unused input leads should be committed to either Vices Vigpt 
or ground 


HANDLING PRACTICES—DIE 


A conductive carrier should be used in order to avoid differences in 
voltage potential. 


AUTOMATIC HANDLING EQUIPMENT 


Grounding alone may not be sufficient and feed mechanisms 
should be insulated from the devices under test at the point where the 
devices are connected to the test equipment. lonized air blowers can 
be of aid here and are available commercially. This method is very 
effective in eliminating static electricity problems. 


AMBIENT CONDITIONS 


Dry weather with accompanying low humidity tends to intensity the 
accumulation of static charges on any surface. In this atmosphere, 
proper handling procedures take on added importance. If necessary, 
steam injectors can be procured commercially. 


ALERT FAILURE MODES 


The common failure modes that appear when static energy exists 
and when proper handling practices are not used are: 


1. Shorted input protection diodes. 
2. Shorted or ‘blown’ open gates. 
3. Open metal runs. 


Simple diagnostic checks with curve tracers or similar equipment 
readily identifies the above failure modes. 


APPLICATIONS 


INFORMATION 


SURFACE-MOUNT IC PACKAGES 


Significant benefits can be achieved through the use of surface- 
mounted devices (SMDs) and general surface-mount technology as it 
applies to all components, both active and passive. The major benefits 
are reduced size and weight, and improved system reliability through 
the reduction of printed wiring board holes. Improved quality and lower 
assembly cost are obtained through the adaptability of SMD to high- 
speed, pick-and-place assembly automation. 


Prior dense circuit packing methods for active components used 
chip-and-wire hybrids or flatpacks. Hybrids have the disadvantages of 
yield limitations. specialized assembly requirements, and the difficulty 
of rework, burn-in, and testing at temperature or under operating 
conditions. The demand for flatpacks is decreasing with attendant 
increases in price. They are also prone to user damage in assembly. 


Surface-mountable small-outline ICs and leaded or leadless chip 
carriers (SOIC, PLCC, and LCC, respectively) answer many of the 
limitations of flatpacks and chip-and-wire hybrids. In addition to the 
obvious benefits already described, due to the low mass of SMD, their 
ability to withstand shock and vibration is superior to conventional dual 
in-line packages (DIPs) and flatpack assemblies. SMD can also provide 
an improvement in electrical parameters (reduced wiring resistance, 
capacitance, and inductance) due to shorter signal paths and very 
dramatic improvements in the application of industry-standard DIPs. 


Three types of surface-mount technology have been defined by 
the industry. 


Type I: single- or double-sided board using only surface-mounted 
components. Space savings of 40% to 75% are achievable; lowest 
possible cost. 


Type Il or Mixed Technology: single- or double-sided board using a 
mixture of surface-mount and through-hole on the top side and possibly 
surface-mount on the bottom side. Space savings of 20% to 60% are 
typical: difficult to build with a single soldering process and typically 
requires two technologies; testing can be difficult and fixturing costly. 


Type lil: through-hole components on top side, surface-mount on 
bottom side. Space savings of 10% to 40% are typical; allows the use 
of existing equipment and technology for phasing in SMDs. 


Another approach that facilitates phasing SMD into existing prod- 
ucts is to design small Type | assemblies similar to ceramic hybrids. 
With small boards and few components, testing is easily accomplished 
using the interconnect pins. This construction is especially effective in 
utilizing the usually wasted vertical space of most printed wiring board 
assemblies. 


Most SOICs feature gull-wing leads on two sides of the package, 
similar to the DIP configuration. Lead row spacing is 0.150" (part 
number suffix “L”) for 8. 14. and 16-lead packages; 0.300" row spacing 
(suffix “LW”) for 16. 18. and 20-lead packages. Wide body SOICs with 
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heat sink contact tabs (sufflx "LB") are used for increased 
package power dissipation requirements. 


PLCCs (part number suffix "EP”) are currently supplied 
in 20, 24, 28, and 44-lead square packages with J-formed 
leads. Extended temperature. hermetically sealed leadless 
chip carriers for military applications (suffix “EK” for square 
packages and “EL” for rectangular packages) are available 
in 18, 20, 24, 28, and 44-terminal configurations. 


THERMAL CHARACTERISTICS 


The thermal! characteristics of power integrated circuit 
packages are often the limiting factor in circuit perfor- 
mance. IC packages for surface-mount application may 
be smaller, lighter, and more economical because of 
improved reliability and lower assembly cost. but they 
must still address the thermal problems in order to meet 
the circuit design requirements. 


Regardless of package style (through-hole or surface- 
mount), the device junction temperature should be limited 
to +150°C. 


100 


BJA 
N 
wa 


50 


THERMAL RESISTANCE. R,., 


ce) 10 20 30 40 50 60 70 
DIE AREA (SQ MILS X 1009} 


| SOL-208 


THERMAL RESISTANCE, Ry, 


10 ‘NS 20 25 
DIE AREA (SQ MILS X 1000) 


Dwg. No. A-14.373 


The thermal resistance of surface-mounted ICs is 
increased due to the concentration of heat that results 
from the reduced package size. For packages with higher 
lead counts, this increase is minimized. 


The printed wiring board on which SMDs are mounted 
is also very important in thermal management. Thermal 
resistance is affected less by convection or radiation and 
more by conduction into the mounting surface. Especially 
for LCCs. the application of a thermally conductive com- 
pound between the package bottom and the mounting 
surface will further reduce the thermal resistance, 


For each surface-mount package type. worst-case 
thermal resistance is shown in the table on the next page. 
However. as shown in the curves here, thermal resistance 
is determined by both package style and chip dimensions. 
Differences in the data shown here and other industry data 
are due to the fact that the thermal resistance of these 
power packages is measured at worst-case junction 
temperatures at maximum power, making maximum use 
of convection, radiation. and conduction thermal! paths. 


rar 


THERMAL Rt SISTANCE. 


DIE AREA (SQ MILS X 1000) 
Owg. No. A-14,374 


nJA 


THERMAL RESISTANCE, R 


ro) 10 20 30 40 50 60 70 
DIE AREA (SO. MILS X 1000) 
Dwg. No. A-14.375 


Note: R,,, Measurements made with 2.24" x 2.24" solder-coated copper-clad board ir stil! air 
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Industry Thermal Tape and Reel 
Package Package Package Resistance Width x Pitch 
Suffix Outline (mm) 

MS-012AA 12x8 
MS-012AB 
MS-012AC 27°CiW 110°C/W 
MS-013AA am 85°C/W 
MS-013AB = 85°C/W 
M38510/C-9 = 
MS-013AC nie 7TS°CW | 

sor208 | | MS-013AC__ | 6-C/W" 45°CiW 

LCC-20 ; MO-047AA : 70°C/W sate 
M38510/C-2 110°C/W 7 
MS-007AA ___ 30° 55°C/W 
MS-007AA of “Ci 40°C/W 
M38510/C-4 100°C/W 
MS-007AB_ 
MS-007AB 
M38510/C-5 
LCC = Hermetic Leadless Chip Carrier. SO = Small Outline IC, 0.15" Gull Wing. 
PLCC = Plastic Leaded Chip Carrier. SOL = Small Outline IC, 0.30" Gull Wing. 


“Ray, The SOL-20B package is a miniature “patwing” package (12 active connections plus eight tab/ground connections). The PLCC-28B is a batwing 
with 14 active connections: the PLCC-44B has 22 active connections. These unique power packages are compatible with other SMD packages and 
allow the easy attachment of external heat sinks for highest package power dissipation. 


‘Freon bath 
°Mounted on 2.24" x 2.24" solder-coated copper-clad board in still-air for PLCCs & SOICs; unmounted in still air for LCCs. 


SO-14 SOL-16 


Dwg. No, A-12,615 Dwg. No, A-13.202 


LCC-28 PLCC-44 SOL -20B 


Dwg. No. A-12,614 Dag. No 4-13,255 Dwg. No. A-13,203 
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COMPUTING IC TEMPERATURE RISE 


IC temperature T is determined by ambient temperature T,, heat 
dissipated P... and total thermal resistance R,. This total thermal 
resistance is comprised of three individual component resistances: 
chip R,,, lead frame R_. and heat sink R.. 


WHY IC TEMPERATURES RISE 


Heat is the enemy of integrated circuits—particularly power 
devices. Here’s how to use thermal ratings to determine safe IC 
operation. 


Excessive heat shortens the life of an IC and reduces its operating 
capability. Until recently. ICs were capable of operating only in low- 
power applications requiring perhaps a few milliwatts of power. But 
now, new ICs handle several amperes and drive devices such as re- 
lays, solenoids, stepping motors, and incandescent lamps. These high 
power levels may increase IC temperatures substantially and are capa- 
ble of destroying devices unless appropriate precautions are taken. 


THERMAL CHARACTERISTICS 


The thermal characteristics of any IC are determined by four 
parameters. Maximum allowable IC chip junction temperature T, and 
thermal resistance R, are specified by the IC manufacturer. Ambient 
temperature T, and the power dissipation P,, are determined by the 
user. Equation 1 expresses the relation of these parameters. 


T,=T,+P,R, (1) 


Reprinted by permission from the June 9, 1977 issue of MACHINE DESIGN, 
Copyright © 1977 by Penton/IPC Inc., Cleveland, Ohio. 
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Junction temperature T, usually is limited 
to 150°C for silicon ICs. Devices may operate 
momentarily at slightly higher temperatures, 
but device life expectancy decreases expo- 
nentially for extended high temperature 
operation. Usuaily, the lower the junction 
operating temperature, the greater the 
anticipated life of the IC. 


Ambient temperature T, is traditionally 
limited either to 70°C or 85°C for plastic dual 
in-line packages (DIPs) or 125°C for hermetic 
devices. Again, the objective is to operate at 
as low a junction temperature as practical. 


Thermal resistance R, is the basic 
thermal characteristic for ICs. It is usually 
expressed in terms of °C/W and represents 
the rise in junction temperature with a unit of 
power applied in still air. (The reciprocal of 
thermal resistance is thermal conductance. 
or derating factor, G, expressed as W/°C.) 
Thermal resistance of an IC consists of 
several distinct components, the sum of which 
is the specified thermal resistance. For a 
typical IC, these components of thermal 
resistance are 0.5°C/W per unit thickness of 
the silicon chip, 0.1 to 3°C/W per unit length 
of the lead frame, and up to 2,000°C/W per 
unit thickness of still air surrounding the IC. 
DIPs are used more than any other type of 
packaging for ICs and newer copper-alloy 
lead frames provide a superior thermal rating 
over the standard iron-nickel-cobalt alloy 
(Kovar) lead frames. However, power ICs 
are also available in other packages such 
as flatpacks and TO-type cans. 


The power P,, that an IC can safely 
dissipate usually depends on the size of the 
IC chip and the type of packaging. Most 
common copper-frame DIPs can dissipate 
about 1.5 W, although some special-purpose 
types have ratings as high as 5 W. 
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Total IC power to be dissipated depends on input current, output 
current, voltage drop, and duty cycle. Thus, for many industrial digital- 
control ICs, logic-gate power P, (typically less than 0.1 W) and output 
power P, must be determined to find the total power to be dissipated. 
Total power dissipation for these logic devices is the sum of P, and P,,. 

P= n(Vacloc) (2) 


cc ce 


Py= N(Vog satile) (3) 
where V,,, = logic-gate supply voltage, |,,, = logic-gate supply ON 
current, Vo,.car, = Output saturation voltage, |, = output load current, 

and n = number of logic gates. Manufacturers usually list typical and 
maximum values for these voltages and currents. For thermal consider- 
ations it is best to use the maximum values so that worst-case power 
dissipation is determined. 


If the duty cycle of the device is longer than 0.5 s, the peak power 
dissipation is the sum of the logic-gate power P. and output power P,, for 
the logic ON state alone. If the ON time is less than 0.5 s, however, 
average power dissipation must be calculated from instantaneous ON 
and OFF power P.. and P.... from 


OFF 


P, = DP, + (1 -D) Pope (4) 


CORRECTIVE ACTIONS 


lf the junction temperature or the required power dissipation of the 
IC is calculated to be greater than the maximum values specified by the 
manufacturer, device reliability and operating characteristics possibly 
will be reduced. Possible solutions are: 


1. Modify or partition the circuit design so the IC is not 
required to dissipate as much power. 


2. Reduce the thermal resistance of the IC by using a 
heat sink or forced-air cooling. 


3. Reduce the ambient temperature by moving heat-producing 
components such as transformers and resistors away from 
the IC. 


4. Specify a different 1C with improved thermal or electrical 
characteristics (if available). 
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SETTING UP THE CIRCUIT 


oo Constant current 
Besistors:contro| a source of about 1 mA 
output transistor 
power diss:pation ; 


suppress on 
diode used 
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Input power is negligible compared te output 
power and is therefore rot measured 


as sense diode 
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MEASURING IC TEMPERATURE 


Sometimes iC junction temperature cannot be caiculated 
readily and instead must be measured. Measurement should 
be made when there is insufficient data with which to calculate, 
when the effects of external variables such as forced-air cooling 
or enclosure size must be determined, or as a check on the 
manufacturer's specifications regarding package thermal 
resistance. 


The most popular technique of measuring IC temperature 
uses the characteristic of a diode to reduce its forward voltage 
with temperature. Many IC chips have some sort of accessible 
diode—parasitic. input protection, base-emitter junction, or output 
clamp. With this technique, a “sense” diode is calibrated so that 
forward voltage is a direct indicator of diode junction temperature. 
Then, current is applied to some other component on the chip to 
simulate operating conditions and to produce a temperature rise. 
Since the thermal resistance of the silicon chip is low, the tem- 
perature of the sense diode is assumed to be the same as the rest 
of the monolithic chip. 


The sense diode should be calibrated over at least the 
expected junction operating temperature. Apply an accurately 
measured, low current of about 1 mA through the sense diode and 
measure the forward voltage in 25°C increments after stabilization 
at each temperature. This calibration provides enough data for 
at least six points to construct a diode-forward-voltage versus 
junction-temperature graph at the specified forward current. A 
typical 25°C forward voltage is between 600 and 750 mV and 
decreases 1.6 to 2.0 mV/°C. 


For power levels above 2 W, it may be necessary to use more 
than a single transistor if only the device saturation voltage and 
sink current are used. When higher power is desired keep the 
output out of saturation. 


Measuring the sense-diode forward voltage may require a 
considerable waiting period (10 to 15 minutes) for thermal equilib- 
rium. In any event, at the instant of measurement, the heating 
power may have to be disconnected since erroneous readings 
may result from IR drop in circuit common leads. Various circuit 
connections (such as four-point Kelvin) may be arranged to 
reduce or eliminate this source of error. 


The IC junction temperature can be determined by comparing 
the voltage measurement with the internal power source against 
the voltage measurement with the temperature chamber. 
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FINDING SAFE OPERATING LIMITS 


Here's how to calculate the safe operating iimits for an IC. The first two examples are simple calculations involving 
maximum allowable power and are straightforward. The third and fourth examples are more complex and involve logic 


power, output power, and duty cycle. 


Problem: Determine the maximum allowable power 
dissipation that can be handled safely by a 16-lead Kovar 
DIP with an R, of 125°C/W in an ambient temperature 
of 70°C. 


Solution: From Equation 1, the maximum allowable 
power dissipation P,, for this IC is 
150°C - 70°C 
125°C/W 
= 0.64 W 
Problem: Determine the maximum ailowable power 
dissipation that can be handled by a 14-lead copper DIP 


with a derating factor G, of 16.67 mW/°C in an ambient 
of 70°C. 


dT 


Solution: Since the derating factor G, is the reciprocal 
of thermal resistance R, the maximum allowable power 
dissipation P,,, from Equation 1 is 


P. = (150°C - 70°C) x (16.67 mW/°C) 


b 


= 1.33 W 


Problem: Calculate the maximum junction tempera- 
ture for a quad power driver wlth a thermal resistance of 
60°C/W in an ambient of 70°C and which is controlling a 
250 mA load on each of the four outputs. 


Solution: To determine the maximum (worst case) 
junction temperature for this IC, the maximum total power 
dissipation must be determined from the data listed on 
the IC data sheet. The specifications are usually listed as 
typical and minimum or maximum values. It is important 
to use maximum voltage and current limits to insure an 
adequate design. Common maximum values for an 
industrial power driver are V., = 5.25 V, |, = 25 mA, and 
Vogsan = 0.7 V. and |, = 250 MA. From Equations 2 and 3, 
worst case fogic and output power dissipation are 

P = 4 (5.25 V x 25 mA) 


= 525 mW 


P, = 4 (0.7 V x 250 mA) 
= 700 mW 
Thus, the total worst case power dissipation P,, is 525 mW 
plus 700 mW, or 1.225 W. From Equation 1, maximum 
junction temperature T, is 


T, = 70°C + (1.225 W) x (16.67 mW/°C) 


J 


= 143.5°C 


Problem: Determine the acceptable duty cycle for 
a hermetic power driver with a thermal resistance of 
100°C/W in an ambient of 85°C and which is controlling 
load currents of 250 mA on each of four outputs. 


Solution: From Equation 1, the allowable average 
power dissipation P,, for this IC is 


150°C - 85°C 
> 400°C/W 
= 0.65 W 


This means that there is 0.65 W limit on average power, 
but, not instantaneous power. if the duty cycle is low 
enough, and the ON time is not more than about 0.5 s, the 
average power dissipation can be considerably lower than 
the peak power. The ON, or peak power, is determined 
from the data sheet maximum values of V_., 1... and 
Vocigap at the specified load current of 250 mA. From 
Equations 2 and 3, logic-gate power P, and output power 
P. for the ON state are 


P. =4(5.5V x 26.5 mA) 
= 583 mW 


P, = 4 (0.7 V x 250 mA) 
= 700 mW 


Instantaneous ON power P.,, is the sum of P, and P, for 
the ON state, or 1.283 W. The OFF power is primarily the 
power dissipated by the logic in the OFF state, and is 
found by using the |. maximum rated current listed on the 
specification sheet. The power dissipated in the output 
stage can be calculated from the leakage current |, and 
supply voltage V,,. From Equations 2 and 3, logic-gate 
power P, and output power P, for the OFF state are 


P. =4(5.5Vx7.5 mA) 
= 165 mW 

P, =4(100 Vx 0.1 mA) 
= 40 mW 


Instantaneous OFF power P.,,, is the sum of P, and P, for 
the off state, or 205 mW. From equation 4, acceptable duty 
cycle Dis 

P, . Pore 


Pon e Pore 


0.65 W - 0.205 W 
1.283 W - 0.205 W 


D= 


41% 


maa! 
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WHAT THE CURVES SHOW 


The junction temperature of an IC depends on several factors. including the thermal resistance of the IC and 
the operating duty cycle. Graphs showing the relationship of these factors are often useful in specifying an IC. 


; Typical thermal-resistance ratings for ICs in still air range from 
je ee 60°C/W to 140°C'W. The slope of each curve on this graph is equal 
x 7s to the derating factor G., which is the reciprocal of thermal resistance 
‘ Or SDB er eae ee a R,. For an ambient temperature of 50°C, a typical 14-lead flatpack 
Ww with an R, of 140°C.W can dissipate about 0.7 W. A typical DIP. 
Brlead DIP: copper leads: BOC: W however, with 14 copper-alloy leads can dissipate almost 1.7 W at 
50°C. 


14lead hermetic DIP 
1o0;CW The highest allowable package power dissipation shown here is 
2.5 W. Other special-purpose DIP packages are available with power 
dissipation ratings as high as 3.3 W at O°C (R, = 45°C/W). If not for 
package limitations. |C chip dissipation might be greater than 9 W at 


, an ambient temperature of up to 70°C. 


14-lead DIP,“ 
Kovar leads, 125°C/W . ‘ Although the curve for plastic DIPs goes all the way to 150°C, 
they ordinarily are not used in ambients above 85°C because of 
traditional package limitations. Hermetic DIPs are specified to 

1 temperatures of 125°C. and at 150°C the device should be derated 
-75 -50 -25 0 +25 +30 +75 4100 4125-:s¢ to OW. The higher specification limits for hermetic devices is the 
Ambient Temperature. T (-C) result of their design for use in rigorous, high-reliability military 

applications. 


Allowable Package Power Dissipation, P., (W) 


t4-lead flatpack, 140°C:W 


Duty Cycle 
400 g$— qe 


Duty cycle is important in calculating IC junction temperature 
because average power—not instantaneous power-—is responsible 
for heating the IC. To convert from peak power to average power, 
multiply the peak power dissipation by the duty cycle. The average- 
power rating is then used with the thermal-resistance rating to 
calculate the IC junction temperature. Thus, short duty cycles allow 
peak power to be high without exceeding the 150°C junction- 
temperature limit. However. this consideration applies only to ON 
times of less than 0.5 s. 


Allowable Peak Collector Current, /, (mA) 


20 40 60 80 “re 
Duty Cycte. D (percent) 
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APPLICATIONS 


INFORMATION 


THERMAL RESISTANCE— 
A RELIABILITY CONSIDERATION 


More and more the semiconductor component supplier and the 
ultimate system user are becoming aware of the need for reliable 
components. Most failure mechanisms responsible for reliability failures 
are temperature dependent and the kinetics of the failure reaction are 
normally described by an Arrhenius function. This dependence, there- 
fore, demands the capability of measuring the mean temperature which 
an integrated circuit die will attain during operation to realistically 
assess the reliability of the part. 


The problem addressed by this paper is the inconsistency of the 
measurement techniques and the results used by manufacturers and 
users to determine the thermal characteristics of packaged semicon- 
ductor components. Our objective is to provide insight into the consider- 
ations which must be applied when evaluating these thermal properties 
of the packaged component. These considerations are materials, 
geometry and environment. 


Furthermore, we wish to instill uniformity in the method of determin- 
ing thermal properties of packaged semiconductors through under- 
standing of the variables involved which can lead to a useable industry 
standard. 


RELIABILITY—THE TEMPERATURE FUNCTION 


The recognition of the problems one encounters in measuring the 
mean temperature of a die has been directly related to our experiences 
in our reliability assurance programs. The large number of device types 
manufactured require an equally large number of burn-in boards having 
different functions and geometry for the individual reliability studies. The 
variations in board density and thermal environment for a device under 
test have provided considerable junction temperature data from which 
we conclude that a “thermal resistance” measured in one oven with its 
set of conditions is not transferable to another oven with different 
boards, loading, etc. when the reference temperature for the measure- 
ment is the oven control temperature. Furthermore, it has become 
obvious that these same problems in measuring a mean die tempera- 
ture exist in a system environment. 


Most reactions which can cause a failure in an electrical parameter 
of an integrated circuit are chemical in nature and are influenced by 
temperature. The temperature dependence of these reactions has 
been described very well by S. Arrhenius in his treatment of reaction 
kinetics.’ In his treatment, the reaction velocity or rate is given by 
the equation 


dinV. dT = E/RT* 


where V_ is the specific reaction rate, T is the absolute temperature, 
R is the Molar Gas Constant, and E is the energy difference between 
a mole of active molecules and a mole of normal molecules. 
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This equation integrates to 
InvV.=E/RT+A 


where A is a constant which is the value 
of InV_ at 1/T = 0, (InV.). A more familiar 
expression is 


InV, = InV= -€/kT 
or 
V, = Vie -€/kT 


where € is the activation energy per molecule 
(= E/N), N = Avagado’s number and k is the 
gas constant per molecule (= R/N), which is 
generally known as the Boltzmann constant. it 
has the value 


8.6 x 10° eVirK. 


V., the time rate of change of electrical! 
parameters is proportional to V_,i.e., V, = BV. 
The amount of change in the electrical 
parameter necessary to cause a normal 
device to fail. AP., is V_t, where t, is the time 
of failure. 


Recalling that V_ = BV, then 
AP, = BV t, 


For a given device AP. is a constant, therefore. 


t,= APB V/V, 
but 

Vi.=Vre €/kT 
therefore 

t, = (BO AP, /V°e<*") = 8e**7) 
where 


8=B'AP VE 
The acceleration factor (AF) between any 
two temperatures is derived from this equa- 
tion, when the activation energy for the failure 
reaction is Known: 


AF = t/t, = e8 "+18 


Activation energies of most reactions 
responsible for random failures in a normal 
operating period (beyond infant mortality) are 
nominally 


(0.4 - 4.0) eV. 


The importance of accurately determining the die temperature is 
now clear if one considers a not unrealistic situation where a device is 
thought to be operating with a die temperature of 120° and the actual 
temperature is 150°C. If the failure reaction has an activation energy of 
0.7 eV, then the acceleration factor is 4.3 which means the device 
would fail in less than one quarter of the time it would have taken if the 
device actually operated at 120°C . 


THERMAL RESISTANCE — Roya 
Quite frequently. applications engineers have made attempts to 

identify the temperature attained by a die when a steady state rate of 
heat is being generated by the die by applying the term called “Thermal 
Resistance.” This “constant.” designated R,,,, or simply @,,, relates the 
temperature rise of a packaged integrated circuit die above an ambient 
temperature when a known constant power is generated in the die. This 
term is normally defined as 


C).= (1h, 231, )/Ps 


where T, is the mean junction or die temperature, T, is an ambient 
temperature. and P_ is the power generated within the die which must 
be conducted from the die to the ambient. This is occasionally desig- 
nated Q,, the time rate of heat generation in the die. Thermal resistance 
data supplied by manufacturers may be referenced to a cubic foot of 
free or still air. flowing air at some velocity, or simply no reference. 
These are some of the definitions of “ambient” from which one must 
determine where to measure T,. 


Thermal resistance as defined by 9, is not constant. It is made up 
of a constant term (or terms) in series with a number of variable terms. 
The constant terms relate to the package materials and geometry, 
which we will designate 8,. and the variable terms relate to the heat 
paths from the package boundary to some isothermal envelope in the 
system which has the temperature T,. Even if the system for measuring 
98, is defined, it is virtually impossible to reproduce that system in an 
application since the external thermal paths are determined by the 
method of mounting. the printed wiring board if used, other heat gener- 
ating components on the board or in the vicinity, air flow patterns, etc. 
These are all variables for each application. We have measured values 
of @,, for the same device which vary by a factor of two when the 
mounting and environmental conditions are changed. The values in the 
8,, column in Tables 2 and 3 are indicative of the variation. 


One is tempted to partition 8,, into two thermal terms, 
93, = 8. + Bo, 


where @,. is defined as the thermal resistance from the source of 
power at T, to the boundary of the package not including the external 
legs, and 9,, is the thermal resistance from the package boundary to 
that isothermal envelope at T,. However, when one examines the 
thermai profile along the surface of a plastic dual-in-line package such 
as shown in Figure 1. it is immediately obvious that a definition of Bye 


8. = (T, 7 T./P,, 


i NR SR 
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FIGURE 2 


PACKAGE. 
INTERFACE 


cannot be applied because T,, varies with position. Similarly, the term 
Q,, defined by 


Oa, = (Te > Ta/P, 


suffers from the same variablility in T,. This being the case, it is invalid 
to partition @,, when operating on the tota/ power to be dissipated, P,. 


THE THERMAL MODEL 


When one examines a plastic package supplied by an individual 
manufacturer it is found that the geometry of the lead frame, its position 
within the package boundary, its composition, the composition of the 
plastic and its filler, the internal wire bonding are very carefully con- 
trolled and constant in time. This being the case one can readily build 
a model of the package which can be as invariant as the package 
material properties. If one considers all possible heat flows, a very 
complex model emerges. However, if the thermal conductivities of the 
package materials and the orders of magnitude difference in the values 
of these conductivities are considered, a simplified workable model 
can be generated by neglecting heat paths where heat flows are 
minimal. The simplified model shown in Figure 2 has ignored the heat 
flow between leads and assumes that the large difference between the 
thermal conductivity of the loaded plastic and the metals in the package 
define the specified heat paths. For example, the heat flow between 
leads would be a shunting resistor between heat paths in the model. 
The thermal conductivity of most plastics range between 1.5 and 
3 x 10° calories/cm - °C while copper based materials range between 
0.5 and 0.82 calories/cm - °C and nickel based alloys are about 
0.03 calories/cm - °C. 


The heat paths defined by 0, ,where i refers to a particular path, 
radiate from the chip to an area on the package periphery defined by 
the projected chip or pad area as well as the mean cross-sectional area 
of each of the leads within the plastic package boundary (see Figure 1). 
Because of package symmetry, a 16-lead isolated-pad package may 
have seven different heat paths which can be characterized. The 
thermal resistance, 8, , can be calculated for each path from the 
geometry and material properties. For example 8, is the resistance 
from the top of the chip to the projected area on the package surface. 


The value of @,.., is given by 


=(T,-T,)/q, = L/K,A 


where L is the length of the heat path (thickness of the plastic above the 
die), A is the cross-sectional area of the heat path (area of the die or 
the pad), K, is the thermal conductivity of the loaded plastic and q, is 
the heat/second flowing in the path defined by A and L. 


9,,,'8 the thermal resistance from the top of the die through the 
silicon, “through the pad and through the plastic to the bottom surface. 
The value of @ |. is given by 


8 Gs J, i Tod, = 
H/A] SE L/K, 
n = Si, Metal, Plastic 


THERMAL RESISTANCE— 
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Similar expressions can be derived for 
each of the leads and they have the form 


By, =(T, T,)/q, = 
[1/1] [(LK,W,) + (1/K,) 5 LW] 


where t is the thickness of the lead frame, K, 
is the thermal conductivity of the loaded 
plastic, K,, is the thermal conductivity of the 
frame metal, L, is the mean length of each 
connected portion of a leg segment having a 
mean width, W.. In accord with the model, 
each internal path characterized by a thermal 
resistance, @,.., is in series with an external 
thermal resistance, ®,,, which completes the 
path to T,. The value of 6, can be calculated 
from the amount of heat, q, * flowing through 
the internal package path and the tempera- 
ture difference, (T,, - T,), with the equation 


= (T, - T,)/q- 


Values of 8, are variable and depend upon 
the specific « environment. 


We identify the heat paths in our calcula- 
tions and data as follows: a) when i = 1, the 
path is from die to case surface directly 
above, b) when i = 2, the path is from die to 
the case surface directly below and c) when 
i= 3, 4,5... the path is from die through an 
identified metal lead to the intersection with 
the plastic surface. 


VERIFICATION OF MODEL 


From the model one can derive the 
minimum thermal resistance which is charac- 
teristic of the package. This can be calculated 
for the condition when ail case temperatures 
are equal and at T,. This is equivalent to 
shorting all external thermal resistances so 
that T, = T,. When all T. are equal, the 
reciprocal of the sum of the reciprocals of all 
8,,, is the minimum thermal resistance for the 
package. This is realized experimentally by 
placing the unit in an infinite heat sink such as 
a rapidly stirred, low-viscosity controlled 
temperature bath. The case temperature is 
now forced to be the same over all surfaces 
and by definition it is T,. @,, is the minimum 
limit of @,,. Table 1 shows the agreement 
between the values of 9, calculated from the 
model when the case temperatures are 


TABLE 1 
COMPARISON OF CALCULATED AND EXPERIMENTAL 
VALUES OF [ey] To Ty, (All measurements in °C/W) 


Package Frame 
Type Material 


16-Pin, Isolated 
Pad, Epoxy | 


[6,,]T, =T, 


Experimental Calculated 


16-Pin, Isolated 
Pad, Epoxy | 


16-Pin Tab 


shorted together and the values experimentally measured in a con- 
trolled temperature liquid bath. The agreement between calculated and 
experimental values for packages constructed from different materials 
enhance the validity of the model. 


APPLYING THE MODEL TO MEASURE qT, 


Having verified the model, any one of the identified heat paths, 
which has a constant thermal resistance, 8,,, can now be used to 
determine quite accurately the die temperature, T,. If one chooses to 
measure the case temperature directly above the die, the difference 
between die temperature and case temperature is related to the heat 
flow, q, through that path by the thermal conductivity equation: 


g,= KA (T,- TL 
Rearranging this equation to 


(T,- To, /q, = L/k,A, = @ 


JC; 


Then 
T,=T, +9, 


JC 


{f the fraction of total heat, P,, generated by the die which passes 
through path 1 is defined as k, then 


q,= k, P, 
Substituting into the previous equation T, is now referenced to T, by 


T, = 76,4+k6,.P, 


JCy 


where T,, T,,, and P,, are experimentally measurable quantities. Values 
of k,8,., éan be determined. This term can be used to determine T,in 
any environment by measuring T., and the total heat generated by the 
die. This equation applies for any path, i, Le. 


T,=T, + k@,,P, 


Experimental results are presented in Table 2 which establish that 
k@.,,, is a constant, the magnitude of which is determined by the heat 
path chosen. 


a Nn ad 
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TABLE 2 
THERMAL RESISTANCE VALUES—ISOLATED PAD—EPOXY PACKAGE (All measurements in °C/W) 


KPa 


ULN2003A 1 ft.2 Still Air, 48.1 
16-Pin Copper Socket Mount 

Frame 

ULN2003A Oven #1, 60 CFM, ; : 25.2 
16-Pin Copper Pin Connectors 

Frame 

ULN2003A AAVID E type ; : 15.2 
16-Pin Copper 5010 Heat Sink 

Frame Oven #1, 60 CFM 


ULN2003A Fluorocarbon 
16-Pin Copper Bath, Pin 
Frame Connectors 


TABLE 3 
THERMAL RESISTANCE VALUES—TAB PAD—EPOXY (All measurements in °C/W) 


Test Chip Oven #1, Ta= 50°, 


“B” Package 


60 CFM 


ULN2068B 


ULN2068B 


Oven #1, T, = 50°, 
60 CFM 


Socket Mount, 
FC-40 Bath 


ULN2068B 


Socket Mounted on 
Board, FC-40 Bath 


Test Die 
“B” Package 


Oven #1. Soldered on 
Test Board, 60 CFM 


Test Die 
“B” Package 


Oven #1, Soldered 
in Test Board w/Staver 


Heat Sink 


In our notation, k,6,., is the thermal 
resistance of the path determined by measur- 
ing the temperature of pin 4 at the point of 
intersection with the case body. Further data 
are presented in Table 3 for a copper tab 
package where the pad on which the die is 
mounted extends to the outside of the pack- 
age. The values of k,0),,remain constant over 
a large change in environment. When 
i = 5, the heat path is from the die through 
the heat tab to the intersection with the case 
surface. 
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Figure 3 shows the outline of the frame in the 16-pin isolated-pad 
package which is designated the “A” package. The “B” package or tab 
package frame outline is also shown. 


MEASUREMENT OF k®,,. 


Although the derived equations indicate that k®,.. are determined 


by two temperature measurements at one power level, the values are 
more accurately determined from temperature versus power plots. 


THERMAL RESISTANCE— 
A RELIABILITY CONSIDERATION 


\f one considers any one path, |, in the 
model, that path is described by: PLASTIC PACKAGE FRAME GEOMETRY 


Te . T, =q (O, Ba 8.4) 


Here again, if k, is the fraction of the total 
heat (P,,) which traverses path i, then the 
previous equation can be written 

T,-T,=kP, (0, +8 


ca) 


or rearranging terms 


(T,- T,/P, =k®,, +k® 


i C.A 


By definition (7, - T,)/P, = 9,,, therefore by 
subtitution and rearrangement 


A PACKAGE 


K8 i, =@,,- ko, 


where experimentally @,, is the slope of a plot 
of T, versus P, and K9,, is the slope of the 
plot of T., versus P,,. Figures 4, 5, and 6 are 
representative of the experimental plots for 
evaluation of k9\.. 


T,, MEASUREMENT 


The numerical values of K8,,, which we 
have shown experimentally to be constant 
over a large variation in environmental 
conditions, are functions of the measuring 
system for determining the case or leg BY PACKAGE 
temperature, T,. This can be shown by 
considering heat path 1 in the Model shown in ‘ a 
Figure 2. In this case. q, = (T, - T,)/(8,,.+ @ ,)- IGE EES 


8,,, is defined as Lk.A,, where A, is deter- 


mined by the die area. When a thermocouple @,,, decreases as the wire size of a copper-constantan thermo- 

is attached to the surface directly over the die. couple increases and it increases as the composition is changed from 
it also functions as a heat sink. This changes copper-constantan to iron constantan. The thermal conductivities of 
the effective area A of the internal heat path copper, iron, and constantan are respectively 0.9, 0.16, and 0.054 
and also changes the externa thermal cal/°C-cm. 

resistance, 8... The changes are functions of ; ; ; ; 

the thermocouple compositior and size. The Data in Table 4 confirm the direction and change ink... 

value of @,.. is now determined by the effec- with change in measuring system. Data were taken in the same 

tive area of contact of the thermocouple and oven ambient. 


its value remains constant when the attached 
thermocouple’s size is held constant. k,, 

(= q,/Q), also changes because q, is deter- 
mined by the sum of 8,. and 6, ,. The term 
(T,- T,) is essentially constant within experi- 
mental error because q, is small compared to 
Q, and the variations in gq, do not measureably 
change the die temperature. 


When the physical system for T., measurement and the conditions 
for measurement are specified and held constant, values for K i956, 
are constants. 
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TABLE 4 


VARIATIONS IN ko WITH MEASUREMENT SYSTEM (All measurements in °C/W) 
il 


je 


Condition of 
Measurement 


0.005" Type “J” Thermocouple 


0.012" Type “JU” Thermocouple 


Linear Circuit 


[ 16 PIN DIP - COPPER FRAME - ISOLATED PAD 
1 CUBIC FOOT STILL. AIR, 
80-- 2003 +3 


—— 8» Ba.recrw 


x 
fo} 


\ 8c) 4 # aarecrw 


\ 


Sis hygBe A + a8.tccrw 


yc, > Sa” KyGA = 38.6 °C/m 
HiBycig* Sun BiyGigh © 450°C/m 
Ligh tg titty thet gi tt toh i 
a a LC To 
POWER (WATTS) 


FIGURE 4 


ge 
2 


z 
$3... 3, 


TEMPERATURE °C 
2 
fo) 


w 
is) 


2 
3° 


|. 16 PIN DIP - COPPER FRAME - ISOLATED PAD 
OVEN #|, 60 CFM 
2003-2 WITH AAVID "E" TYPE SERIES 5010 HEAT 
SINK ATTACHED TO CASE 


+ ys RCA = Bb2ecrw 


= By- kyCiyh = S9.0%c7w 4 < 5047C/w 


TEMPERATURE *C 


bO,a = 1s2%crm 


~~ 


Wa, A = tnaserw 


Cipro ae See ns mes One Crees Cee Ole 
05 06 07 08 09° 10 
POWER (WATTS) 


FIGURE 5 


FLUOROCARBON 40 BATH 
2003-3 IN SOCKET 


2 
2 


81,7 Ba - KiaGgh + S8.0rC7W 


TEMPERATURE °C 
x @ 
S96 


2 
ie} 


rai hse as Ssrcew 


© 
HA = egterw 


fe kt pe Nas Slack a a i ll cht 
oO 01 02 03,04 05 O06 OF 08 09 19 
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FIGURE 6 
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0.005" Type “T” Thermocouple 


T, MEASUREMENT FOR k®.. DETERMINATION 


An accurate measurement of the value of k@,, requires a method 
of measuring the mean temperature of the die, T.. Techniques to make 
this measurement have been discussed elsewhere. (See Ref. 2, 3, 4) 
They involve measurement of a temperature sensitive parameter of an 
element on the die. The forward voltage drop across a diode measured 
at constant current is a commonly used parameter. One must observe 
caution when applying the calibration data for an element in an 
unpowered die to the measured values of that element when the die 
is powered. It is rather unique if a parasitic voltage or current from the 
powered portion of the die does not interact with the temperature 
measuring element. This interaction leads to an inaccurate indication 
of the true temperature. 


A test chip with a number of temperature sensitive elements is 
valuable. Figure 7 is a photo micrograph of a test chip designed to 
evaluate thermal resistance values for various packages as well as 
package surface interactions. The die contains 3 heat generators, 
and 6 primary temperature sensors, which are either diodes or special 
resistors. Parasitics normally interact differently with different elements 
because of location or structure variations. Agreement in the value of 
temperatures measured simultaneously for different elements on the 
chip normally indicates a correct measurement. 


Figure 8 illustrates errors which can be introduced when making 
static steady state measurements of temperature during power applica- 
tion. Observe the plots of T, (from V,, calibration) versus P,, for three 
different diodes on the chip. Although the slopes of the plots after initial 
power agree within 10%, the initial portion of the curve indicates a 
negative thermal resistance and the offsets of the curves indicate a 
varying interaction at different power levels. Although caiculation of 
thermal resistance by the slope method would introduce a similar error 
for all three diodes, the single power point method for calculating Kio, 
where k@,,. = (7, - T,)/P,, would introduce considerable and different 
levels of error in the calculated values for each diode measurement. 


For example, if temperature measurements were made at a power 
level of 0.22 W, one would calculate a value of 44.6°C/W for k8,., using 
T, from diode 7-15. 57.1°C/W using T, from diode 7-5, and 63.8°C/W 
using T, from diode 7-6. The true value which was verified by pulse 


measurements was 97°C/W. 


THERMAL RESISTANCE— 
A RELIABILITY CONSIDERATION 


TEMPERATURE *C 
o x 
& 3 
Patt 


a 
3S 


FIGURE 7 


TEST CHIP. 


5 
Fy 86178. + 26°C) Wp 


es pee s9otw 


J BN DIF» KOVR FRAME 
WSOLATEL! PAD» OVENM, GOCFM 


Bee are ge 


nO, A + as.etcrw | 


POWER (WAT TS} 


FIGURE 8 


To eliminate interactions between the powered portion of a circuit 
and the temperature sensing element during measurement, the circuit 
shown in Figure 9 was developed. This circuit was designed for thermal 
evaluaton of packages in which the function could be a linear circuit, a 
digital circuit, or the standard test chip which has a number of different 
power sources and temperature sensing elements. 


In operation, the circuit applies power at a measured level to the 
device under test for approximately one second, interrupts power for 
40 microseconds, and continues this cycle throughout the test period. 
At the beginning of the 40-microsecond power off interval, a 10-micro- 
second delay allows circuit transients to decay before the diode current 
is activated. A 6-microsecond delay allows the current to settle before a 
sample and hold circuit samples the diode voltage to determine the chip 
temperature. This sequence allows the package under test to come to 
thermal equalibrium with the environment which approaches that for 
continuous power input. The power down sequence and temperature 
measurement interval are short enough to ensure that the actual 
temperature drop when power is removed is less than the sensitivity of 
the temperature sensitive element. 


The case temperature measurements, T,, can be made by thermo- 
couple or by infra-red measurements.* In theory, the infra-red measure- 
ments would be preferred since a conductive contact is not made to the 
surface which is to be measured. In practice, a number of difficulties 
with |.R. measurements are encountered. The emissivity of the surface 
to be measured must be controlled to give accurate measurements. 
This normally requires painting the surface with a “proprietary” film. 
When the emissivity is mastered, two larger difficulties must be over- 
come; a) physically placing the infra-red measuring instrument into the 
system to view a package surface when the unit may be buried in a 
maze of printed wiring boards and circuitry and b) the cost of available 
instrumentation. 


The thermocouple technique to measure case temperature is a 
practical and reliable method when the composition of the thermo- 
couples, its physical size, its location on the package, and the method 
of its attachment are defined. The method of measurement can be 
standardized and provides an accurate, inexpensive method for the 
applications engineer or the reliability engineer to determine a reference 
temperature to which the temperature rise across the package path, 
{K9ic)P op, can be applied in order to determine a true T... 


THERMAL RESISTANCE— 
A RELIABILITY CONSIDERATION 
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FIGURE 9 
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PACKAGE OUTLINES 


PLASTIC DIP 
(0.300" row spacing) 


PACKAGE DESIGNATORS A, B, or M 


Dimensions in Inches 


0.015 


0.008 
{ N (N/2) +4 
2.280, 0.300 BSC 
0.240 


INDEX wee 2 3 NA 
pee 0.005 MIN. 
0.045, 


0.100 BSC 


- 0 NOTE 2 


0.210 MAX, NOTE 6 
| SEATING PLANE 


02.022 | 0.160 
0.115 


0.014 


NOTE 1 


0.015 MIN. 
Dwg. MA-001 in 


Number of Leads 
Pkg. Designator 
Body Length 


(Leads Affected) 


Notes 


0.845/0.925 0.925/1.060 4.4125/1.275 


1,8,9,16) | 1 (1.8.9, 16) 2 (5-7, 18-20 
2 (4.5, 12, 13) 


MS-001AD MS-001AE MS-001AF 


18 20 24 
A A B 
, 18-20) 


NOTES: 1, Leads 1, N/2. (N/2) + 1, and N may be half leads at vendor's option. 
2. Webbed lead frame. Leads indicated are internally one piece. 

3, Maximum lead thickness is 0.020". 

4. Lead thickness is measured at seating plane or below. 

5. Lead spacing tolerance is non-cumulative. 

6 


. Exact body and lead configuration at vendor’s option within limits shown. 
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PACKAGE OUTLINES 


PLASTIC DIP 


(7.62 mm row spacing) 
PACKAGE DESIGNATORS A, B, or M 


Dimensions in Millimeters 
(Based on 1" = 25.4 mm) 


0.381 


0.204 
N {N/2) +1 
7.11 
e160 Ed 7.62 BSC 
1} 2 3 N/ 
nee 0.127 MIN. 
1.15 2.54 BSC 
9 NOTE 2 


5.33 MAX. NOTE 6 


SEATING PLANE 
eel .06 
0.356 S55 


NOTE | 


mal 
ossa |g 


0.39 MIN. 
Dwg. MA-001 mm 


N Number of Leads 14 16 16 
Pkg. Designator A A B 
fo | Body Length 8.84/10.92 18.42/20.19 | 18.93/21.33 18.93/21.33 21.47/23.49 23.5/26.9 28,.6/32.3 


18 
A 
1(1,8,9, 16) | 1(1,8,9, 16) _ 2 (5-7, 18-20) 
2 (4, 5, 12, 13) 
3 
JEDEC Outline Designation | MS-001A8 MS-001AC | MS-001AA | | MS-001AD MS-001AE MS-001AF 


NOTES: 1. Leads 1, N/2, (N/2) + 1, and N may be half leads at vendor's option. 
2. Webbed lead frame. Leads indicated are internally one piece. 
3. Maximum lead thickness is 0.508 mm. 
4, Lead thickness is measured at seating plane or below. 
5. Lead spacing tolerance is non-cumulative. 
6. Exact body and Jead configuration at vendor's option within limits shown. 


Notes (Leads Affected) 1 (1, 4, 5, 8) 


20 24 
A B 
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PACKAGE OUTLINES 


PLASTIC DIP 
(0.400" row spacing) 


PACKAGE DESIGNATORS A or B 


Dimensions in Inches 


0.015 
0.008 
N72) 41 
2.388 0.400 BSC 


INDEX AREA ai) 23 


0.070 
0.030 


N/2) 
0.005 HIN. 
0.100 BSC 
: NOTE 2 


0.210 MAX. NOTE 6 
[77 SEATING PLANE 


ti 


Dwg. MA-002 in 
0.022 0.160 
0.115 


0.014 
0.015 MIN. 


1,050/1.120 


i a a ee 
Pkg. Designator B 

fo [serena Pome f | | |__| 
GRMN). Wee ee ee I a 


NOTES: 2. Webbed lead frame. Leads indicated are internally one piece. 
4. Lead thickness is measured at seating plane or below. 
5. Lead spacing tolerance is non-cumulative. 
6. Exact body and lead configuration at vendor's option within limits shown. 
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PACKAGE OUTLINES 


PLASTIC DIP 
(10.16 mm row spacing) 


PACKAGE DESIGNATORS A or B 
Dimensions in Millimeters 
(Based on lL" = 25.4 mm) 


0.381 
0.204 


N (N/2) +1 


10.16 BSC 


0.127 MIN. 
2.54 BSC 


NOTE 2 
5.33 MAX. NOTE 6 


SEATING PLANE 


Dwg. MA-002 mm. 
0.558 
0.356 4:06 


Number of Leads 
Pkg. Designator 


A B 
fo | Body Length 26.67'28.44 26.67/28.44 


Notes (Leads Affected) } - | 2 (5, 6, 17, 18) 
JEDEC Outline Designation MS-O10AA MS-010AA 


NOTES: 2, Webbed lead frame. Leads indicated are internally one piece. 
4, Lead thickness is measured at seating plane or below. 


5. Lead spacing tolerance is non-cumulative. 
6. Exact body and lead configuration at vendor's option within limits shown. 
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PACKAGE OUTLINES 


PLASTIC DIP 
(0.600" row spacing) 


PACKAGE DESIGNATOR A 


Dimensions in Inches 


0.015 
0.008 
N (N72) +1 
2.580 
37485 0.600 BSC 


INDEX AREA 23 
er m=— 0.005 MIN. 
0.100 BSC 


OO 
ie 250 MAX, 


SEATING PLANE 


i iv ) ) ) = Dwg. MA-003 in 


| 2.088 9.208 


0.015 NIN. 


N Number of Leads 
Pkg. Designator 


Body Length 


JEDEC Outline Designation 


NOTES: 4. Lead thickness is measured at seating plane or below. 
5. Lead spacing tolerance is non-cumulative. 
6. Exact body and lead configuration at vendor's option within limits shown. 
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PLASTIC DIP 
(15.24 mm row spacing) 


PACKAGE DESIGNATOR A 
Dimensions in Millimeters 
(Based on 1" = 25.4 mm) 


0.38) 
0.204 
(N/2) +1 
15.24 BSC 
N/ 
pw 0.127 MIN. 


2.54 BSC 


6.35 MAX, 
SEATING PLANE 


Dwg. MA-003 mm 


0.39 MIN. 


A A 
35.1/39.7 50.3/53.2 


NOTES: 4. Lead thickness is measured at seating plane or below. 
5. Lead spacing tolerance is non-cumulative. 
6. Exact body and lead configuration at vendor's option within limits shown. 


9-42 


PACKAGE OUTLINES 


PLASTIC LEADED CHIP CARRIER 
(PQCC) 


PACKAGE DESIGNATORS EA, EB, or EP 


Dimensions in Inches 


=o] [0.050 Bsc 


all 


E; FOR E SIDE 
0; FOR OD SIDE 


Dwg. No. A-13,644 in 


N Number of Leads 
Pkg. Designator 


Overall Length 0.385/0,395 0.470:0.510 | 0.470/0.510 0.470/0.510 0.670/0.710 0.670/0.710 
Row Spacing 0.290/0,.330 = _ _ ae 
Body Length 0.350/0.356 0.440:0.460 | 0.440/0.460 0.440/0.460 0.640/0.660 0.640/0.660 


Overall Width 0.385/0.395 0.470°0.510 0.470/0.510 0.470/0.510 0.670/0.710 0.670/0.710 


Row Spacing 0.290/0.330 _— _— _ sates = 
Body Width 0.350/0.356 0.440/0.460 | 0.440/0.460 0.440/0.460 0.640/0.660 0.640/0.660 


Notes (Leads Affected 2 (12-18)  |2 (5-11, 19-25) ee | 2 (7-17, 29-39) fT o- 
JEDEC Outline Designation MS-007AA | MS-O07AA MS-007AA MS-007AB MS-007AB 


NOTES: 1. Index is centered on “D" side. 
2. Webbed lead frame. Leads indicated are internally one piece. 
3. Lead spacing tolerance is non-cumulative. 
4. Exact body and lead configuration at vendor's option within limits shown. 
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PACKAGE OUTLINES 


PLASTIC LEADED CHIP CARRIER 
(PQCC) 


PACKAGE DESIGNATORS EA, EB, or EP 
Dimensions in Millimeters 
(Based on 1" = 25.4 mm) 


eae 1.27 BSC 


E, FOR E SIDE 
D; FOR D SIDE a 
= INDEX. ee 
114% AREA 
076 SEE NOTE 
: 4.44 D2 
3.94 D 


Dwg. No. A-13.644 mm 


Overall Length 9.78/10.03 11.94/12.95 11.94/12.95 11.94/12.95 17.02/18.03 17.02/18.03 
Row Spacing 8.89/9.042 = _ _ _ _— 
Body Length 7.37/8.38 11.18/11.68 11.18/11.68 11.18/11.68 16.26/16.76 16.26/16.76 


Overall Width 9.78/10.03 11,.94/12.95 41.94/12.95 114.94/12.95 17.02/18.03 17.02/18.03 


Row Spacing 8.89/9.042 _ = = — a 
Body Width 7.37/8.38 11.18/11.68 11.18/11.68 11.18/11.68 16.26/16.76 16.26/16.76 


Notes (Leads Affected) ae (12-18) [2 (5-41, 19-25) 2 (7-17, 29-39) 
JEDEC Outline Designation} _— | MS-007AA | MS-007AA MS-007AA MS-007AB MS-007AB 


NOTES: 1. Index is centered on “D" side. 
2. Webbed lead frame. Leads indicated are internally one piece. 
3. Lead spacing tolerance is non-cumulative. 
4, Exact body and lead configuration at vendor's option within limits shown. 
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PACKAGE OUTLINES 


CERAMIC LEADLESS CHIP CARRIER 
(CQCC) 


PACKAGE DESIGNATOR EK 


Dimensions in Inches 


I Fy Ree 1 
; d ---- — 
OPTIONAL 
CONSTRUCTION 
1 ou ry i} 
i t Ee ,! Ho 
‘ 1 yt et i 
Dwg. No. A-14,156 
INDEX / t Sues ene | 
CORNER ——™ Las es Save oes | ee an eee 4: 
INDEX 
AREA 
0.045 0.064 ,} D - 
0.055 0.100 | 


I Number of Leads 


Overall Length 0.342/0.410 0.442 0.460 | 0.640/0.662 
Contact Spacing 0.250 Ref 0.350 Ref 0.550 Ref. 


Overall Width 0.342/0.410 0.442 0.460 0.640/0.662 
Contact Spacing 0.250 Ref. 0.350 Ref 0.550 Ref. 


M38510F Case Outline 


NOTES: 1. Index is centered on “D” side. 
2. Corner shape (square, notch, radius) optional. 
3. Lead spacing tolerance is non-cumulative. 


4. Exact body and lead configuration at vendor's option within limits shown. 
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PACKAGE OUTLINES 


NOTES: 


CERAMIC LEADLESS CHIP CARRIER 
(CQCC) 


PACKAGE DESIGNATOR EK 
Dimensions in Millimeters 
(Based on 1" = 25.4 mm) 


OPTIONAL 
CONSTRUCTION 


Dwg. No. A-14,157 


INDEX b eee aa 
CORNER ——>S : i 478 


114 fs 
cw ied : , L D 


tt 


Overall Length 8.69/9.09 11.23/11.68 16.26/16.81 
Contact Spacing 6.35 Ref. 8.89 Ref. 13.97 Ref. 


Overall Width 8.69/9.09 11.23/11.68 16.26/16.81 
Contact Spacing 6.35 Ref. 8.89 Ref. 13.97 Ref. 


1. Index is centered on “D” side. 

2. Corner shape (square, notch, radius) optional. 

3. Lead spacing tolerance is non-cumulative. 

4, Exact body and lead configuration at vendor's option within limits shown. 
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PACKAGE OUTLINES 


HERMETIC SIDE-BRAZED DIP 


PACKAGE DESIGNATOR H 


Dimensions in Inches 


N (N/2)+4 
ie ee de 
E Ey 
es cane 
yY2 3 Nie 
INDEX 
AREA I. 9.070 : foors 2 
0.030 SCO O-O10 0.008 
D 


SEE NOTE 


0.200 MAX. 
SEATING PLANE 0.005 0.070 
- MIN. 6633 
fs Dwg. No. A-13,646 in 
—el|.. 9.923 
0.014 0.200 
0.015 MIN. 0.125 


Number of Leads 


Body Length 0.528 Max. 0.785 Max. 0.840 Max. 0.960 Max. 4.060 Max. 1.260 Max. 
Body Width 0.220/0.310 0.220/0.310 | 0.220/0.310 0.220/0.310 0.220/0.310 0.350/0.390 
E Row Spacing 0.290/0.320 0.290/0.320 | 0.290/0.320 0.290/0.320 0.290/0.320 0.390/0.420 


CN 
M38510F Case Outline - D-2Cont.3 | 0-6Cont.3 | D-8Cont.3 | D-7Conf.3 aaa 


NOTES: 1, Leads 1, N/2, (N/2) + 1, and N may be half leads at vendor's option. 
2. Lead thickness is measured at seating plane or below. 
3. Lead spacing tolerance is non:cumulative. 
4. Exact body and lead configuration at vendor's option within limits shown. 
5. Lead gauge plane is 0.030" below seating plane. 
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HERMETIC SIDE-BRAZED DIP 


PACKAGE DESIGNATOR H 
Dimensions in Millimeters 
(Based on J" = 25.4 mm) 


(N/2)+1 
Ey 
con 

22:3 

EooAlike Legg 
O76 2.542 0.25 0.20 

5.08 MAX 013 SEE NOTE 
SEATING PLANE MIN. ie 
aff Dwg. No. A-13,646 mm 
= 3: 0.58 
6.36 36 5.08 
0.38 MIN. 3.18 


Body Length 13.41 Max 19.94 Max. ‘ : 24.38 Max. 26.92 Max. 32.00 Max. 
Body Width 5.59/7.87 5.59/7.87 5.59/7.87 5.59/7.87 5.59/7.87 8.89/9.91 


Row Spacing 7.37/8.13 7.37/8.13 7.37/8.13 7.37/8.13 7.37/8.13 9.91/10.67 


M38510F Case Outline 2 al D-1 Cont.3 | D-2Conf.3 |} D-6Conf.3 | D-8Conf.3 | D-7Cont3 i= —— 33] 


NOTES: 1. Leadst, N/2, (N’2) + 1, and N may be half leads at vendor's option. 
2. Lead thickness is measured at seating plane or below. 
3. Lead spacing tolerance is non-cumulative. 
4. Exact body and lead configuration at vendor's option within limits shown. 


5. Lead gauge plane is 0.762 mm below seating plane. 
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CERAMIC SIP 
(TO-260AA) 


PACKAGE DESIGNATOR HH 


Dimensions in Inches Dimensions in Millimeters 
(Based on 1" = 25.4 mm) 


Dwg. MH-012 in Dwg. MH-0142 mm 
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PLASTIC SIP 


PACKAGE DESIGNATOR K 


Dimensions in Inches Dimensions in Millimeters 
(Based on L" = 25.4 mm) 


5.28 
5.16 


L-» 033 


0.015 


Dwg. MH-009 in Owg. MH-009 mm 


NOTES: 14. Tolerances on package height and width represent allowable mold offsets. 
Dimensions given are measured at the widest point (parting line}. 


2. Exact body and Jead contiguration at vendor's option within limits shown. 
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PACKAGE OUTLINES 


PLASTIC SIP 


PACKAGE DESIGNATOR KA 


Dimensions in Inches Dimensions in Millimeters 
(Based on I" = 25.4 mm) 


i 


Low 


0.41 


boos 


0.016 


| 


Owg. MH-010 in Dwg. MH-010 mm 


NOTES: 1. Tolerances on package height and width represent allowable mold offsets. 
Dimensions given are measured at the widest point (parting line). 


2. Exact body and lead configuration at vendor's option within limits shown. 


PACKAGE OUTLINES 


PLASTIC SOIC 


PACKAGE DESIGNATORS L, LB, or LW 
Dimensions in Inches 
(Based on 1 mm = 0.3937") 


c 
H 
0.050 
{ 0.016 
0.0192 J) iF 
ales ma 
0. 0.0138 1 cals sas Leo TO 8° 


Dwg. No. A-13,648 in 


SEATING PLANE 


A fo-o-olln—p-p-n) 


0.0040 MIN. 


N Number of Leads 8 14 16 
Pkg. Designator L L L 
Seated Height 0.0532/0.0688 | 0.0532/0.0688 |0.0532/0.0688 | 0.0926/0.1043 | 0.0926/0.1043 | 0.0926/0.1043 | 0.0926/0.1043 


Lead Thickness 0.0075/0.0098 | 0.0075/0.0098 ]0.0075/0.0098 | 0.0091/0.0125 | 0.0091/0.0125 } 0.0091/0.0125 }| 0.0091/0.0125 
Body Length 0.1890/0.1968 | 0.3367/0.3444 |0.3859/0.3937 | 0.4469/0.4625 | 0.4961/0.5118 | 0.5985/0.6141 | 0.6969/0.7125 


Body Width 0.1497/0.1574 |0.1497/0.1574 [0.1497/0.1574 | 0.2914/0.2992 | 0.2914/0.2992 | 0.2914/0.2992 | 0.2914/0.2992 
Overall Width 0.2284/0.2440 }0.2284/0.2440 |0.2284/0.2440 0.394:0.419 0.394/0.419 0.394/0.419 0.394/0.419 


JEDEC Outline Designation MS-012AA MS-012AB MS-012AC MS-013AB MS-013AC MS-013AD MS-013AE 


NOTES: 1. Webbed lead frame. Leads indicated are internally one piece. 
2. Lead spacing tolerance is non-cumulative. 
3. Exact body and lead configuration at vendor's option within limits shown. 
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PACKAGE OUTLINES 


PLASTIC SOIC 


PACKAGE DESIGNATORS L, LB, or LW 


Dimensions in Millimeters 


N 
Cc 
— H 
1.27, 
| | { 0.40 
C49 Lil2 3 JZ a a 
635 4 re = Hee H 0° TO 8° Dwg. No. A-13,648 mm 
a D all 
A 


SEATING PLANE 


0.10 MIN. 


N Number of Leads 
Pkg. Designator 
Seated Height 1.35/1.75 1.35 1.75 4.35/1.75 2.35/2.65 2.35/2.65 2.35/2.65 2.35/2.65 


Lead Thickness 0.19/9.25 9.19:0.25 9.19/0.25 0.23:0.32 0.23/0.32 0.23/0.32 0.23/0.32 
Body Length 4.80'5.0 8.55.8.75 9.80/10.0 11.35 11.75 12.60/13.00 15.20/15.60 17.70/18.10 


Body Width 3.80/4.00 3.80.4.00 3.80/4.00 7.40°7.60 7.40/7.60 7.40/7.60 7.40/7.60 
Overall Width 5.80/5.20 5.80/6.20 5.80/6.20 10.00 10.65 10.00/10.65 10.00/10.65 10.00/10.65 


JEDEC Outline Designation MS-0° 2AA MS-012AB MS-012AC MS-013AB MS-013AC MS-013AD MS-013AE 


NOTES: 1. Webbed /ead frame. Leads indicated are internally one piece. 
2. Lead spacing tolerance is non-cumulative. 
3. Exact body and lead configuration at vendor's option within limits shown. 


9-53 


9-54 


LONG-LEADED PLASTIC SOT 


PACKAGE DESIGNATOR LL 


Dimensions in Inches 
(Based on I mm = 0.394") 


0.055 
0.063 0.014 
0.017 


(oe 


0.084 9.090 
io) 0102 
Fare 
0.600 
MIN 
0.715 
MIN 


Dwg. No. A-12,657A in 


Dimensions in Millimeters 


Owg. No. A-12,657A mm. 


PACKAGE OUTLINES 


PLASTIC SOT 
(SOT-89/TO-243AA) 


PACKAGE DESIGNATOR LT 
Dimensions in Inches 
(Based on 1 mm = 0.394") 


\ 0.173 
rn o7et 


oe 0.055 

106.4 063 

oor a0 Faas 
0017 


Dwg, No. A-12,608A in 


~ 
a 
oO 


Dwg, No. A-12.608A mm 
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HERMETIC CerDIP 


PACKAGE DESIGNATOR R 


Dimensions in Inches 


N (N/2) +1 


is) 2 
AREA | 123 Ni2 
0.070 ak S 9.1002 0.010 


a eae 


INDEX 


SEE NOTE 


D 
0.200 MAX. 
0.070 
SEATING PLANE 0.005 AAD 
ail MIN. 0.023 
0.015 
ein ||. 0.023 


0.014 0.125 MIN. 


Number of Leads 


Body Length 0.785 Max. 0.840 Max. 0.960 Max. 1.260 Max. 
Body Width 0.220/0.310 0.220/'0.310 0.220/0.310 0.350/0.390 
Row Spacing 0.300 BSC 0.300 BSC 0.300 BSC 0.400 BSC 
Lead CL to End 0.075 Ref. 0.025 Ref. 0.050 Ref. 0.025 Ref. 


(Leads Affected 


) 22 
M38510F Case Outline D-1 Conf. 1 0-2 Conf. 1 0-6 Conf. 1 D-7 Conf. 1 


NOTES: 1. Leads 1, N/2, (N/2} + 1, and N may be half leads at vendor's option. 

2. Lead thickness is measured at seating plane or below. 

3. Lead spacing tolerance is non-cumulative. 

4. Exact body and lead configuration at vendor’s option within limits shown. 
5. Lead gauge plane is 0.030" below seating plane. 


Dwg. No. A-13,650 in 


HERMETIC CerDIP 


PACKAGE DESIGNATOR R 
Dimensions in Millimeters 
(Based on 1" = 25.4 mm) 


38 
21 
N (N/2)+1 
ri ~ 
Ey cA 
INDEX AREA 7a Nie ? = 
58 he s O* TO 15° 
2.5420.25 
5.08 oo SEE NOTE 


SEATING PLANE 0,13 e 
: + 9.58 58 


+ 9.58 3.18 MIN. 


Number of Leads 


Body Length 19.94 Max. 21.34 Max. 24,38 Max. 32.00 Max. 
Body Width 5.59/7.87 5.59°7.87 5.59/7.87 8.89:9.91 
Row Spacing 7.62 BSC 7.62 BSC 7.62 BSC 10.16 BSC 


Lead CL to End 1.91 Ret. : ; 1.27 Ref. 


(Leads Affected) 


M38510F Case Outline 


NOTES: 


1. Leads 1, N/2, (N/2) + 1, and N may be haif leads at vendor's option. 

2. Lead thickness is measured at seating plane or below. 

3. Lead spacing tolerance is non-cumulative, 

4, Exact body and lead configuration at vendor's option within limits shown. 
5. Lead gauge plane is 0.762 mm below seating plane. 


1,78 
0.58 


Owg. No. A-13,650 mm 
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PACKAGE OUTLINES 


PLASTIC SIP 


PACKAGE DESIGNATORS T and TA 


Dimensions in Inches Dimensions in Millimeters 
(Based on 1" = 25.4 mm) 


4.65 
4.52 


Seas 
1.98 


Dwg. MH-004 in Dwg. MH-004 mm 


NOTES: 1. Tolerances on package height and width represent allowable mold offsets. 
Dimensions given are measured at the widest point (parting line). 


2. Exact body and lead configuration at vendor's option within limits shown. 
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PLASTIC SIP 


PACKAGE DESIGNATOR U 


Dimensions in Inches Dimensions in Millimeters 


(Based on L" = 25.4 mm) 


0.015 


Dwg. MH-003 in Dwg. MH-003 mm 


NOTES: 1. Tolerances on package height and width represent allowable mold offsets. 
Dimensions given are measured at the widest point (parting line). 


2. Exact body and lead configuration at vendor's option within limits shown. 
3. Height does not include maid gate flash. 
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PACKAGE DESIGNATOR UA 


Dimensions in Millimeters 


Dimensions in Inches 
(Based on |" = 25.4 mm) 


0.017 


0.016 


PLASTIC SIP 


45° 
> 0.031 
> 0.015 
Uy 


Dwg. MH-014 in 


1. Tolerances on package height and width represent allowable mold offsets. 
Dimensions given are measured at the widest point (parting line). 


2. Exact body and lead configuration at vendor's option within limits shown, 
3. Height does not include mold gate flash. 


vo 


45° 
~~ 0.79 
0.43 


0.38 


0.41 


Dwg. MH-014 mm 


HERMETIC FLANGE MOUNT 
(MO-097AA) 


PACKAGE DESIGNATOR V 


Dimensions in Inches 


SEATING PLANE 


GAUGE PLANE { d 


INDEX AREA 


Dwg. MM-001 in 


Dimensions in Millimeters 
(Based on 1" = 25.4 mm) 


19.81 
19.18 7.62 
SEATING PLANE 


GAUGE PLANE / aS 


0. 
INDEX AREA 13 


Dwg. MM-001 mm 
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PLASTIC POWER-TAB SIP 


PACKAGE DESIGNATOR W 


Dimensions in Inches 


0.290 
MIN. 


234 5/6 7 8 9 10 ft 2 
030 |[t : 9.023 
0.020 0.018 
0.10020.01 


0.080 
is 0.070 


Dimensions in Millimeters 
(Based on 1" = 25.4 mm) 


4.57 
208 MAX, 
4 19.69 6.22 1,40 
nied 19.43 571 14 
! ‘ \ . 3.94 1.14 
366 
3.43 
t 2.54 
14.48 | | 
13.72 | |! 
i 
INDEX A . 
AREA 
7.37 
MIN, 
ager ie er 
1.85 0.76 0.59 
0.69 J) Sie 
2.03 
2.54£0.25 Seek 


NOTES: 1. Lead thickness is measured at seating plane or below. 
2. Lead spacing tolerance is non-cumulative. 
3. Exact body and !ead configuration at vendor's option within fimits shown. 
4. Lead gauge plane is 0.030" (0.762 mm) below seating plane. 


Dwg. No. A-13,652 in 


Dwg. No. A-13,652 mm 
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PACKAGE OUTLINES 


PLASTIC POWER-TAB SIP 


PACKAGE DESIGNATORS Z, ZH, or ZV 
Dimensions in Inches 
DESIGNATOR Z 
QEDEC Outline TO-220AB 


except for number of leads) 


DESIGNATOR ZH 
(Package Z except as shown) 


DESIGNATOR ZV 
(Package Z except as shown) 
0.575 


Dwg. No. A-13,655 in 


Dwg. No. A-13,656 in 
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PLASTIC POWER-TAB SIP 


PACKAGE DESIGNATORS Z, ZH, or ZV 
Dimensions in Millimeters 
(Based on 1" = 25.4 mm) 


DESIGNATOR Z 
(JEDEC Outline TO-220AB 


except for number of leads) 


10.66 | 4.82 
4.08 9.66 3.56 
3.54 1.39 
ope + “O51 
6.85 A as 
5.65 
16.51 
14.23 
3.42 
2.54 
| 
— 
2.92 
14.73 2.04 
12.70 1.14 
O31 
Bib eens eran aan 
12345 
1.14 
au reas 
6.80% 
Dwg. No. A-13.654 mm 
DESIGNATOR ZH DESIGNATOR ZV 
(Package Z except as shown) (Package Z except as shown) 


Dwg. No. A-13,655 mm Dwg. No. A-13,656 mm 
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t 
0.205 
OATS 


+t 


PLASTIC TRANSISTOR 
(TO-92/TO-226AA) 


Dimensions in Inches 


+ 4 0.500 MIN, 


0.135 


MIN. 


a 


Dwg. No. A-13,610 


200 


ALLOWABLE PACKAGE POWER DISSIPATION IN mW 


25 50 75 100 125 150 
AMBIENT TEMPERATURE IN °C 


Dwg. GD-001 


Dimensions in Millimeters 


(Based on L" = 25.4 mm) 
0.55 
rd 12.70 MIN. 
ae 038 
ae 
seo) ahs ie 
4.45 RIN, a 
=a - - 
L 2.66 
SEATING PLANE 2.42 


O 


I 938 


1 


5 
0.36 


Dwg. No. A-13,614 
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ALLOWABLE PACKAGE POWER DISSIPATION IN mW 


PLASTIC SMALL-OUTLINE TRANSISTOR 
(SOT-23/TO-236AB) 


Dimensions in Inches Dimensions in Millimeters 
(Based on 1 mm = 0.3937") 


—{ 88 


0.45 


a2 0,083 
0,530 


a 8.013 wg. No. A-12,238B in 


25 50 75 100 125 150 
AMBIENT TEMPERATURE IN °C 


Dwg. GD-002 


Die size = 0.025" by 0.025" (0.635 mm by 0.635 mm). Other factors 
that determine allowable package power dissipation include circuit board 
material, pad size, and proximity of other heat-producing circuit elements. 
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PACKAGE 


INFORMATION 


TAPE AND REEL INFORMATION 
FOR DISCRETE DEVICES 


AXIAL-TAPED TO-226AA TAPE DIMENSIONS 


2.54 + 0.38 

6.35 + 0.38 

20.63 

22.15 

1. Leads straight with 0.38 mm (0.015 in.) 
between body and type. 


2. Component bodies in line within 0.38 mm 
(0.015 in). 


3. Lead length in contact with tape, each side. 
1.78 mm (0.070 in,), minimum. 


0.100 + 0.015 
0.250 + 0.015 
0.812 
0.872 


NOTES: 


NOTES. 1. Kraft paper, minimum 0.13 mm (0.005 in.) 
thick, as interliner. 


cal be-L (NOTE 1) 


4 feP 


“DIRECTION OF FEED 


~WHITE OR CLEAR 


Dwg. No, A-13,626 


REEL DIMENSIONS 


<2 OPTIONAL 


FORM 


Dwg. No. A-13,627 
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TAPE AND REEL INFORMATION 
FOR DISCRETE DEVICES 


RADIAL-TAPED TO-226AA LEAD DIMENSIONS 


|_| : 

1.52 + 0.38 0.060 + 0.015 — = 1 
3.18 40.38 0.125 + 0.015 ry B 
2.54 + 0.30 0.100 + 0.012 i f 


5.08 + 0.76, -0.20 0.200 + 0.030, -0.008 i | 
12.70 0.500 
15.70 0.620 io 


Styles A and F—Fiat side down, carrier tape to lett. D 
Styles B and E—~Fiat side up, carrier tape to left. 
Styles C and H—-Flat side down, carrier tape to right. 


Styles D and G—Flat side up, carrier tape to right. Po SH 


Dwg, No. A-13,628 


te 


INTERLINER 


J 


ae al STYLE A STYLE B STYLE C STYLE D STYLE E STYLE F STYLE G STYLE H 
DIRECTION OF FEED 
Dwg. No. A-13,629 


REEL DIMENSIONS 


+ > , 
355.6+6.35 | 14 0.250 f 3s re 
21.59 +6.35 | 0.850 +0.250 Al 3a} 
45.72+7.62 | 1.800 + 0.300 bk 
76.20+6.35 | 3.0+0.250 | XS é 
TUS. 5. ES | 


Dwg. No. A-13,630 
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TAPE AND REEL INFORMATION 
FOR DISCRETE DEVICES 


1.5 (40.10, -0.0) 
1.0 

1.75 (40.10) 

3.5 (40.05) 


2.4 
4.0 (40.10) 
4.0 (40.10) 
2.0 (+0.05) 


25 
0.400 

0.10 

8.0 (+£0.30) 


TAPE DIMENSIONS FOR TO-236AB 


0.059 (+0.004, -0.0) 
0.039 

0.69 (+0.004) 
0.138 (+0.002) 


0,094 

0.157 (+0.004) 
0.157 (+0.004) 
0.079 (+0.002) 


0.984 
0.016 

0.004 

0.315 (40.012) 


“) Cumulative tolerance over 10 pitches = +0.2 mm (+0.08 in.). 


2) For machine reference only, including draft and radi: concentric 
around Bo. 


3A, By, ind Ky are determined by component size. Clearance 
between the component and the cavity must be within 0.05 mm 
(0.002 in.), minimum, 0.50 mm (0.020 in.), maximum. for 8 mm 
tape; it must be within 0.05 (0.002 in.), minimum 0.65 mm 
(0.026 in.), maximum, for 12 mm tape. 


MINIMUM BENDING RADIUS 


Dwg No A-13.312 


‘ 
‘] 


prey, 


TOP —— Or 
COVER DIRECTION OF FEED 
TAPE 


Dwg. No. A-13,310. 


DIRECTION OF FEED 


MECHANICAL ORIENTATION * 


Dwg. No. A-13,313 
“Available on request with double leads toward sprocket holes. 


ti 
TOP COVER 
TAPE THICKNESS 


PLASTIC/ 
THERMALLY ACTIVATED 
ADHESIVE 


EMBOSSED CARRIER 


Dwg. No. A-13,312 


EMBOSSMENT 


REEL DIMENSIONS FOR TO-236AB 


330 12.992 
15 0.059 

13.0 (+0.20) 0.512 (40.008) 

20.2 0.795 

0.331 (+0.059, -0.0) 


8.4 (41.5, -0.0) 


40 1.575 
50 1.973 


2.5 Wide 0.098 Wide 
10 Deep 0.394 Deep 
14.4 0.567 


=|-N 


ale? 
2 


G (MEASURED 
AT HUB) 


S (TAPE SLOT) 


Dwg. No. A-13.314 
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TAPE AND REEL INFORMATION 
FOR DISCRETE DEVICES 


TO-236 AB 
SHIPPING 


Shipping options for smali-outline transistors and diodes 
include vial pack and 8 mm tape and reel for use with auto- 
mated insertion equipment. 


The 8 mm tape pack puts 3000 devices on a 7-inch (178 
mm) reel. Components can be placed in the tape cavity with the 
single lead toward the sprocket hole or with the double leads 
toward the sprocket hole. Tape and reel dimensions conform to 
EIA Standard 481 Rev. A. 


MOUNTING 


Surface-mount semiconductors can be attached to sub- 
strates by conventional techniques such as vapor-phase or 
wave soldering and hot-plate methods. 


Recommended maximum time/temperature soldering 
conditions are shown in the graph. In general, attachment with 
a soldering iron is not recommended due to the difficulty of 
consistently controlling temperature and time temperature. 


CLEANING 


Small-outline semiconductors are compatible with most 
commonly used defluxing solvents. Freon-based alcohol 
compounds such as Du Pont TMS or TES (or equivalents) are 
recommended. Solutions containing methylene chloride or 
other known epoxy solvents should not be used. 


SOLDER TEMPERATURE IN °C 


0) 
TIME IN SOLDER BATH IN SECONDS 


REPRESENTATIVES) 


anp SALES OFFICES 


Montgomery Marketing, Inc. 
Huntsville, AL 

Tel: (205) 830-0498 

Fax: (205) 837-7049 


Techni-Source, Inc. 
Tempe, AZ 

Tel: (602) 730-8093 
Fax: (602) 820-4094 


Techni-Source, inc. 
Tucson, AZ 
Tel/Fax: (602) 298-7376 


Addem 

Carisbad, CA 

Tel: (619) 729-9216 
Fax: (619) 729-6408 


Allegro MicroSystems, inc. 
Hayward, CA 

Tel: (415) 889-1981/82/83 
Fax: (415) 889-5950 


Allegro MicroSystems, Inc. 
Mission Viejo, CA 

Tel: (714) 830-1740 

Fax: (714) 830-7535 


Jones & McGeoy Sales, Inc. 
Santa Ana, CA 
Tel: (714) 547-6466 
(818) 244-9884 
Fax: (714) 547-7670 


Criterion Sales, Inc. 
Santa Clara, CA 

Tel: (408) 988-6300 
Fax: (408) 986-9039 


William J. Purdy Co. & Associates 
Englewood, CO 

Tel: (303) 790-2211 

Fax: (303) 790-2230 


NORTH AMERICA 


CONNTECH Sales 
North Haven, CT 
Tel: (203) 234-8438 
Fax: (203) 437-0897 


Electramark Florida, Inc. 
Altamonte Springs, FL 
Tel: (407) 830-0844 
Fax: (407) 830-0847 


Electramark Florida, Inc. 
Tampa, FL 

Tel: (813) 889-7775 
Fax: (813) 889-7772 


Electramark Florida, inc. 
Boca Raton, FL 

Tel: (407) 392-1763 
Fax: (407) 392-7188 


Montgomery Marketing, Inc. 
Norcross, GA 

Tel: (404) 447-6124 

Fax: (404) 447-0422 


J.R. Sales Engineering, inc. 
Cedar Rapids, IA 

Tel: (319) 393-2232 

Fax: (319) 393-0109 


Sumer, Inc. 

Rolling Meadows, IL. 
Tel: (708) 991-8500 
Fax: (708) 991-0474 


Technology Marketing Corporation 
Carmel, IN 

Tel: (317) 844-8462 

Fax: (317) 573-5472 


Technology Marketing Corporation 
Fort Wayne, IN 

Tel: (219) 432-5553 

Fax: (219) 432-5555 
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REPRESENTATIVES AnD SALES OFFICES 
NORTH AMERICA 
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Allegro MicroSystems, Inc. 
Kokomo, IN 

Tel: (317) 459-5752 

Fax: (317) 459-5883 


Technology Marketing Corporation 
Louisville, KY 

Tel: (502) 893-1377 

Fax: (502) 896-6679 


Procomp Associates 
Tewksbury, MA 

Tel: (508) 858-0100 
Fax: (508) 858-0110 


Allegro MicroSystems, Inc. 
Ann Arbor, MI 

Tel: (313) 971-7780 

Fax: (313) 971-9241 


Miltimore Sales, Inc. 
Grand Rapids, MI 

Tel: (616) 942-9721 
Fax: (616) 942-6556 


Miltimore Sales, Inc. 
Novi, MI 

Tel: (313) 349-0260 
Fax: (313) 349-0756 


Allegro MicroSystems, Inc. 
Minneapolis, MN 

Tel: (612) 854-5114 

Fax: (612) 854-5117 


Design Technology Components, Inc. 


New Brighton, MN 
Tel: (612) 631-3738 
Fax: (612) 631-3540 


EPI Inc. 

Kansas City, MO 
Tel: (816) 523-8911 
Fax: (816) 523-8913 


EPI inc. 

St. Louis, MO 

Tel: (314) 962-1411 
Fax: (314) 962-5378 


EPI Southwest 
Jackson, MS 

Tel: (601) 362-5045 
Fax: (601) 362-5107 


Allegro MicroSystems, Inc. 
Morrisville, NC 

Tel: (919) 467-4423 

Fax: (919) 460-0257 


Montgomery Marketing, Inc. 
Raleigh, NC 

Tel: (919) 851-0010 

Fax: (919) 851-6620 


Trinkle Sales, Inc. 

Cherry Hill, NJ 

Tel: (609) 795-4200 
(215) 922-2080 

Fax: (609) 795-9364 


Astrorep, Inc. 
Fairfield, NJ 

Tel: (201) 808-0025 
Fax: (201) 808-9616 


Techni-Source, Inc. 
Albuquerque, NM 

Tel: (505) 268-4232 
Fax: (505) 268-0451 


Astrorep, Inc. 
Babylon, NY 
Tel: (516) 422-2500 
Fax: (516) 422-2504 


Elcom Sales, inc. 
Pittsford, NY 

Tel: (716) 385-1400 
Fax: (716) 248-8531 


Elcom Sales, Inc. 
Skaneateles, NY 
Tel: (315) 685-8967 
Fax: (315) 685-6273 


Allegro MicroSystems, Inc. 
Victor, NY 

Tel: (716) 425-1750 

Fax: (716) 425-1624 


REPRESENTATIVES anpb SALES OFFICES 
NORTH AMERICA 


JMK Electronics Electronic Component Sales 
Cincinnati, OH Mercer Island, WA 
Tel: (513) 271-3860 Tel: (206) 232-9301 
Fax: (513) 271-6321 (208) 342-8072 
(509) 456-0100 

JMK Electronics Fax: (206) 232-1095 
Middleburg Heights, OH 
Tel: (216) 234-1202 Sumer, Inc. 
Fax: (216) 234-1912 Brookfield, WI 

Tel: (414) 784-6644 
JMK Electronics Fax: (414) 784-1436 
Dayton, OH 
Tel: (513) 898-8834 CANADA 


Fax: (513) 898-8863 Vitel Electronics, Inc. 


Burnaby, BC 
Tel: (800) 668-0904 
Fax: (416) 676-0055 


Electronic Component Sales 
Tigard, OR 
Tel: (503) 245-2342 


Fax: (503) 684-6436 Vitel Electronics, Inc. 


Kanata, ON 
Tel: (613) 592-0090 
Fax: (613) 592-0182 


Allegro MicroSystems, Inc. 
Willow Grove, PA 
Tel: (215) 657-8400 


Fax: (215) 657-3069 Vitel Electronics, Inc. 


: : Missisauga, ON 

Sate pees Associates Tel: (416) 676-9720 

Tel: (809) 762-6459 Egn eens 
(809) 762-6707 


itel El ics, Inc. 
Fax: (809) 757-9170 Vitel Electronics, Inc 


Lachine, PQ 
Tel: (514) 636-5951 
Fax: (514) 636-1341 


Bonser-Philhower Sales 
Austin, TX 
Tel: (512) 346-9186 
Fax: (512) 346-2393 


Bonser-Philhower Sales 
Richardson, TX 

Tel: (214) 234-8438 
Fax: (214) 437-0897 
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REPRESENTATIVES 


ann SALES OFFICES 


EUROPE AND ASIA 


For international calls, dial the INTERNATIONAL ACCESS CODE (check focal 
telephone requirements), COUNTRY CODE-CITY CODE (as shown in parentheses), 
and focal number. When dialing within the country, the CITY CODE 


(sometimes preceded by ‘0’) is used. 


Analog Electronic Components P/L 
Muigrave, NTH, AUSTRALIA 

Tel: (61-3) 562-2882 

Fax: (61-3) 562-2880 

Tix: (790) 154402 


DCD Electronics 
Bruxelles, BELGIUM 
Tel: (32-2) 648 83 05 

(32-2) 640 27 92 
Fax: (32-2) 648 74 70 
Tix: (846) 21790 


Kolak 

Bruxelles, BELGIUM 
Tel: (32-2) 242 98 75 
Fax: (32-2) 242 90 29 
Tlx: (846) 20720 


Acal Auriema NV 

Zaventem, BELGIUM 
Tel: (32-27) 20 59 83 
Fax: (32-27) 25 10 14 


Taiwan Reotec Co., Ltd. 
Taipei, Taiwan, REP. of CHINA 
Tel: (886-2) 771-9582 
Fax: (886-2) 752-0153 
Tix: (785) 21422 

(785) 23328 


Exatec A/S 

Copenhagen, DENMARK 
Tel: (45-31) 19 10 22 
Fax: (45-31) 19 31 20 


Exatec A/S Jylland 
Farso, DENMARK 
Tel: (45-98) 63 33 11 
Fax: (45-98) 63 33 19 


Newtek 

Rungis Cedex, FRANCE 
Tel: (33-14) 6872200 
Fax: (33-14) 6878049 


Newtek 

Claix, FRANCE 

Tel: (33-76) 98 56 01 
Fax: (33-76) 98 16 04 


Allegro Halbleiter Vertriebs-GmbH 
Hinterzarten, GERMANY 

Tel: (49-76) 52-1066 

Fax: (49-76) 52-767 

Tix: (841) 772-2361 


Richwood Electronics Co., Ltd. 
Kowloon, HONG KONG 

Tel: (852) 797-9893 

Fax: (852) 797-9906 


Mekaster Telecom 
New Delhi, INDIA 
Tel: (91-11) 33 183 60 
(91-11) 68 333 29 
Fax: (91- a 68 447 23 
(91-11) 37 121 55 
Tix: (953) 081 3166223 
Boran Technologies Ltd. 
Petah Tikva, ISRAEL 
Tel: (972-3) 93 45 171 
Fax: (972-3) 93 44 235 
TIx: (922) 381512 


Allegro Italiana S.p.A. 
Milano, ITALY 

Tel: (39-2) 498-7891 
Fax: (39-2) 480-08167 
Tix: (843) 332321 


REPRESENTATIVES anp SALES OFFICES 
EUROPE AND ASIA 


Allegro MicroSystems Japan K.K. 


Shinjuku-ku, Tokyo, JAPAN 
Tel: (81-3) 226-1761 

Fax: (81-3) 226-1891 

Tix: (781) 23328 


Richwood International Korea Co., Ltd. 


Seoul, REP. of KOREA 
Tel: (82-2) 783-9784 
Fax: (82-2) 784-6061 
Tix: (787) 26186 


Acal Auriema BV 
Eindhoven, NETHERLANDS 
Tel: (31-40) 816565 

Fax: (31-40) 811815 


Niposom - J. Nabais, Lda. 
Lisboa, PORTUGAL 

Tel: (351-1) 89 66 10 
Fax: (351-1) 80 95 17 
TIx: (832) 14028 


Sprague Electric PTE., Ltd. 
REP. of SINGAPORE 

Tel: (65) 475-1826 

Fax: (65) 474-7303 

Tix: (786) 26384 


Semiconductors S.A. 
Barcelona, SPAIN 
Tel: (34-3) 217 23 40 
Fax: (34-3) 217 65 98 
Tix: (831) 97787 


ABGA Elektronik 
Sollentuna, SWEDEN 
Tel: (46-8) 9205-95 
Fax: (46-8) 3517-04 
Tix: (854) 15239 


Telion AG 

Zurich, SWITZERLAND 
Tel: (41-1) 732-1511 
Fax: (41-1) 730-1502 
Tix: (845) 829471 


Kapman Komandit 
Istanbul, TURKEY 
Tel: (90-1) 45 76 25 
Fax: (90-1) 15 06.013 


Ambar Cascom Ltd. 
Aylesbury, Bucks, U.K. 
Tel: (44-296) 434141 
Fax: (44-296) 29670 


Allegro Europe Ltd. 
Walton-on-Thames, Surrey, U.K. 
Tel: (44-932) 253-355 

Fax: (44-932) 246-622 

Tix: (851) 926618 


YUGOSLAVIA 


See DCD Electronics, 
Bruxelles, Belgium 
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EGLO" 
MicroSystems Inc. 


ap 
“SBP” Formerly Sprague Semiconductor Group 


Allegro MicroSystems, Inc. 


115 Northeast Cutoff, Box 15036 
Worcester, MA 01615 
(508) 853-5000 


aGmBarR RABANS CLOSE, 
AYLESBURY, BUCKS. HP19 3RS 
TELEPHONE : 0296 434141 

itd INTERNATIONAL : +44 296 434141 
TELEX : 837427 FAX: 0296 29670 


